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I N T R O D U C T I O N 
The economic importance of Coccidae (scale insects and 
mealy bugs) needs no special mention specially in tropical 
countries. The mealy bugs happen to be one of the commonest pests of agriculture 
in India and elsewhere. But this fact is not usually realised in our country. There 
are several species of coccids causing enormous damage to crops in India but the 
loss is not perceived visually in contrast to those caused by beetles, caterpillars/ 
grasshoppers, etc., to which agriculturists are more familiar. Mealy ftigs are minute, 
more or less sedentary insects, with thier bodies covered with white powdery or 
mealy secretions. They infest many economically important crops nearly all over the 
world. Adults as well as the developing stages of mealy bugs cause damage to the 
plants. They suck plant sap, often causing death of the plants. The mealy bugs, 
although regarded as minor sporadic pest of sugarcane and other crops, cause heavy 
losses to crop in areas ofsevere infestation (Ali, 1962). Dymond (1929) stated that 
the mealy bugs "is to definite extent responsible for the production of dextro-
rotatory gum with colloidal matter of a practically objectionable nature". Some 
sugarcane insects may maintain their population on wildgrasses (Pemberton and 
Williams, 1969). Due to the botanical affinity of sugarcane with wild host, 
Myers (1932), considered nearly all tropical grasses feeding insects as potential 
cane pest. There are many factors which contribute to the increase in mealy bug 
population. Certain species of ants reduce the effectiveness of natural enemies, 
allowing uncheked multiplication of mealy bug population. Ants also remove 
honeydew waste, and even transport the mealy bugs from one place to the other. 
Sometimes honeydew secreted by mealy bugs act as arrestant stimulus for 
coccinellids (Carter and Dixon, L984). Quite often the young crawlers may also 
be dispersed by wind (Moran et al., 1982). Dry weather inhibits development of 
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entomophagous fungi, and the mealy bug population grows further. Plant 
varieties with closely adhering leaf-sheaths provide protected 
areas for mealy bugs (Nixon, 1951; Puttarudriah, 1954; Way, 1963; 
Dick, 1969; Williams, 1970 and LongsHensley, 1972). 
The data regarding the biology and bionomics of mealy bugs 
and scale insects in India is meagre despite their economic 
importance. There is no comprehensive and consolidated work on 
mealy bugs. But this does not mec^n that workers have totally 
ignored this group of insecta. There are certain scattered works 
whose importance can not be denied. Among the few detailed studies 
are of Rao (1938, 1942 and 1943); Singh-Pruthi and Mani (1945); 
Das (1947); Das £t (1948) ; Puttarudriah (1954); Sankaran (1959) 
and Agarwal (1960). The work on account of habit, behaviour. 
Seasonal abundance of mealy bugs and scale insects of various 
economically important crops in India is of significant value 
(Gupta, 1940; Agarwal, 1953; Sen and Prasad, 1956; Ali, 1957, 
1958, 1961, 1962 and 1968; Kareem et ., 1963; Rawat and Modi 
1969; Satpathy and Das, 1969; Ghose and Paul, 1972; Sinha, 1972; 
Tripathi and Shukla, 1982; Ghose, 1983 and Gautam and Kataria, 
1986) . 
Lack of detailed study on mealy bugs in India led to the 
initiation of the present work. ^ This study on mealy bugs calls 
for detailed information on the life-history and behaviour 
and relationship between host and pest, which may prove helpful 
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in the control of mealy bugs. Secondly, the detailed study of 
reproductive organs of Saccharicoccus sacchari, will throw 
light on the functional anatomy of the system and the knowledge 
so acquired can be effectively used in the control of pest 
population. In the present study two mealy buys have been selected. 
I 
The pink sugarcane mealy bug^ Saccharicoccus sacchari Ckll. forms 
the basis of this work while Ferrisia virgata Ckll. has received 
limited attention^. ' 
Sugarcane is usually propagated from cut sections of stem 
with growing buds present on stem nodes. Growing plants are 
transported throughout the world, thereby extending the possibility 
of spreading mealy bugs too. Saccharicoccus sacchari thus, is 
easily carried over long distances with sugarcane setts meant 
for propagation. During field observations it was noted that mealy 
bugs were present even on the stems of cane stubbles which remained 
in fields after the harvest. According to Dick (1969), setts 
infested with mealy bugs result in poorer germination. 
Ferrisia virgata is fairly common polyphagous mealy bug, 
and has been recorded in India on a number of host plants, almost 
all vegetables, fruits, arid ornamental plants. The damage is 
caused by the nymph and adults which congregate around the mother 
and suck up the sap of stem, petioles and leaves. Aggregation of 
mealy bugs on any single plant may result in the loss of large 
quantity of sap, leading to the death of the plant. 
Only little information is available on the reproductive 
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organs of the mealy bugs, Few workers have attempted to study 
the anatomy and histology of reproductive organs of coccids 
and their efforts have been mainly confined to female repro-
ductive system. Similarly only fragmentory work is available 
on the anatomy and histology of male reproductive systems. 
Efforts have been made in the present work to establish the 
details of both the reproductive systems of S. sacchari. The 
only work, available on the female reproductive system of 
sacchari is that of Yadava (1966), which by no means is a clear 
account and contains unexplained and sketchy observations.^In 
the present work ultrastructural studies have also been made 
on female reproductive organs. The anatomical details are supported 
with essential histological observations. Several new findings 
have been made. A fresh look has been given to the study of the 
male reproductive systems. 
The life-history studies of mealy bugs have been carried 
out under controlled conditions. Simultaneously, field observations 
have also been made. The controlled conditions in which the 
studies were conducted are given in text at the appropriate places. 
Despite^the economic importance of mealy bugs in India, 
unfortunately very little attention has been paid to study the 
host-pest relationship. The present study on host-pest relation-
ship has^ however^ been confined to S. sacchari. The study in 
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this context has been made under two parts first, 
effect of S. sacchari on the host-plant, and secondly, the 
factors affecting t±ie infestation of S. sacchari. 
Efforts have also been made to study the distribution 
and seasonal population variations in relation to agro-climatic 
conditions, of both the mealy bugs.j 
Lastly, the natural enemies of both the mealy bugs, the 
parasites and predators have been reviewed. In the end the 
author is confident that the information made available herein 
will enable the agriculturists in formulating fredi strategies 
for the effective control of the mealy bug. 
The chapters marked with (*) have been completed during 
the period of M.Phil, but have been substantially modified, 
wherever, appropriate for inclusion in the present thesis. 
REVIEW OF LITERATURE 
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REVIEW OF LITERATURE 
The mealy bug , familiar and distinctive/ belongs to 
the super-family Coccoidea and family 
Pseudococcidae, a category which includes some of the most 
serious pests of crops, ornamental plants andfruit trees 
(Ferris, 1937-1955 ; McKenzie, 1967; Afifi, 1968; Breardsley, 
1960a; Williams, 1962 and Rezende ^ al•/ 1979 and 1980). 
Williams (1970) listed 39 species of mealy bugs and reported 
that 30 species attack sugarcane, 10 species attack rice and 
7 sorghum. In few cases it was found that mealy bug acts as 
vector of virus diseases. Ali (1962) reported Pseudococcus 
saccharifoli as a vector of spike disease of sugarcane caused 
by a virus. Surai, a disease of rice, in India is caused by R. 
oryzae (Ayyar, 1939). But there is no direct evidence that 
mealy bugs are vector of virus diseases of sugarcane, rice or 
sorghum (Williams, 1970). Fennah (1960) reported that metabolic 
derangements lead torelated synthesis of soluble nitrogenous 
compounds into protein and also accelerate breakdown of protein, 
a condition which may be condusive to the attack by sap sucking 
insects. There is another problem,the haphazard use of pesticide, 
also favours the population build up. According to Kozarzhevskaya 
(1986), the problem of chemical pollution of the urban environment 
and associated suppression of green plantations has become one 
of the major global problems. 
The woody vegetation serves as a good natural filter which 
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extracts dangerous toxicants from the air. Further, Alstad et al. (1982) 
has reported that sucking insects, including coccids, are 
increasing in areas of high air pollution, leading to the mor-
tality of beneficial insects. Mass development of some scale 
insects in street plantation is associated not only with 
indirect effect of the abiotic factors but also with the 
direct destruction of entomophages due to the uncontrolled 
use of modern pesticides. Dean e^ (19711) reported that the 
cat breaks of the citrus mealy bug, Planococcus citri in the 
lower Rio Grande Valley of Texas, resulted from the continued 
used of broad spectrum organophosphate pesticides. 
Mealy bugs have a world-wide distribution. They nearly 
occupy the regions of tropic of Cancer and tropic of Capricorn 
consisting of Neotrophical, Ethiopian, Oriental and Australian 
region and they are also distributed in some parts of Palearctic 
region. Comprehensive list of mealy bugs distribution is 
compiled by various workers (Uichanco and Villanueva, 1932; 
Ferris, 1937-1955; Puttarudriah, 1954; Ali, 1968; Williams 
et a]^ . , 1969; LePelley, 1969 and Williams, 1970). 
On account of their economic importance, mealy bugs, 
and scale insects, have been the subject of observations of 
several investigaters. The literature pertaining to these 
insects is, however, limited in scope, being mostly concerned 
- 8 -
with the external morphology, general account of life-history 
habits and methods of control. The literature on reproductive 
system of mealy bugs is scanty. 
One of the pioneering work on reprductive system is of Leydig 
(1854), who concluded that the ovarian elements arises from 
undifferentiated germ glands. The importance of Leuckart (1858), 
Lubbock's (1859) work can not be denied. Emeis (1915) has 
described ovariole development in scale insects, Cryptococcus 
fagi. A detailed account on embryology of coccids with formation 
of ovary, differentiation of germ cells is given by Shinji (1919) 
He further stated that the three ovarian elements, nurse cells, 
the egg cell, and follicular epithelial cells are derived from 
primordial germ cells; In coccids the germ cell cluster 
formation begins with one persisting germ cell, which divided 
mitotically, ultimately giving rise to a rosette of 4-cells 
(Blining, 1981 b). The three nurse cells occupy the upper part 
of germarium (King and Buning , 1985), while theremaining one 
occupies the proximal part and functions as "oocyte", thus 
determining the "acrotrophic" or "telotrophic meroistic" type 
of ovarioles in coccids. 
Few other workers have given accounts of anatomy and 
histology of female reproductive organs of various species 
of mealy bugs and scale insects (Johnston, 1912 on Icerya 
Purchasi; Child, 1914 on Epidiaspic piricola; Misra, 1931 on 
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Laccifer lacca ; Ali, 1958 on Pseudococcus vastator). 
Nelson-Rees (1961) has given some accounts of changes in 
ovary due to aging in Pseudococcus citri. Latif and Saeed 
(1959), Yadava (1966) have contributed to anatomy and histology 
of reproductive organs of Drosicha stebbingi and S. sacchari, 
respectively. Besides the old investigations dealing with 
morphology, ultrastructure and ovariole development of 
Sternorrhyncha, are those of Oseto and Helms (1971); Elliot 
et a^. (1975); Couchman and King (1979); Ksiazkiewicz (1980) 
and Biihing (1981a, 1981b and 1985). The role of follicle 
cells and oolemma or gap junctions between the oocyte and 
follicular epithelium is well discussed in various insects 
by many workers, Bonhag (1955); Quattropani and Anderson (1969); 
Sweeny ^ al. (1970); Telfer (1979); Kimber (1980); Huebner 
and Injeyan (1981); Huebner (1984); Mazzini and Giorgi (1984, 
1985). The formation of vitelline membrane and chorion in 
insects is discussed by various workers (King and Devine, 1958; 
Davey, 1965; King and Agarwal, 1965; Gerrity £t al^ . , 1967; 
Sweeny et al., 1970). 
The number of ovarioles in bugs (Heteroptera) is 
variable and seems to be species specific (Gross, 1901). Akbar 
(1958) in Leptocorisa varicornis recorded 7 ovarioles while 
Qadri and Aziz (1950) recorded 28 ovarioles in Pyrilla 
Perpusiila. In scale insects and mealy bugs, the number of 
ovarioles, reaching upto thousand (Johnston, 1912; Emeis, 
1915; Ali, 1958 and Yadava, 1966). 
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The Ovarioles are "telotrophic meroistic" or "acrotrophic" 
in hemipterans (Lubbock, 1859; Shinji, 1910; Malouf, 1933; 
Ali, 1958; Patel, 1958; Yadava, 1966 and Buning, 1985). The 
telotrophic ovarioles are characterised by the presence of 
trophic tissue as well as oogonia and oocytes in the germarium 
{Chapman, 1969). 
The literature relating to the anatomy and histology 
of male reproductive organs is meagre. It is confined only 
to sperm bundles. The pioneering work on this aspect is that 
of Targioni-Tozzetti (1867). He was first to understand the 
nature of sperm andsperm bundles in mealy bug, Dactylopius 
longispinus (Pseudococcus adonidum), soft scale,Lecanium and 
armored scale^ Diaspis bouchei. 
Putnam (1879); Hughes-Schrader (1935, 1944, 1948); 
Doutt (1949); Magnin (1952); Nelson-Rees (1960); Nur (1962) 
have given good accounts of structure of sperms and sperm 
bundles of coccidae. The sperms are considered to be effective 
tool for identification. The only ultrastructural work on 
sperm bundles is that of Moses and Coleman (1964) on coccid, 
Steatococcus tuberculatus. Misra (1931) gave some account of 
anatomy and histology of reproductive organs of male lac 
insect, Laccifer lacca and Nur (1962) provided some information 
on the development and structure of testis and accessory 
gland of mealy bug, Pseudococcus obscurus. 
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The sperms of mealy bugs are arranged in sperm bundles, 
usually 16 sperms per bundle. Each sperm has a corkscrew like 
head, a central piece and a tapering tail. In case of scale 
insects the number of sperms in each cyst is 32. 
The studies on the life-history as well as the number 
of instars and reproduction of certain species of mealy bugs 
have been made by various workers. Nevertheless,the mode of 
reproduction has remained debatable even within same species 
under two different ecological conditions. Swezey (1913); 
Uichanco and Villanueva (1932); Ito, (1938); Rao, (1942); 
Lloyd (1952); Yadava (1971); have shown that parthenogenesis 
is the normal mode of reproduction in various species of 
mealy bugs. But all coccids are not parthenogenebio (Basinger, 
1934; James, 1937; Beardsley, 1962b; Sinha, 1972). In certain 
species of mealy bugs, both parthenogenetic and sexual mode 
of reproduction occur (Rawat and Modi, 1967; Singh e^ al., 
1985) . 
Uichanco and Villanueva (1932) reported that in 
Phillippines, gacchari may reproduce either sexually or 
parthenogenetically, but parthenogenesis appeared to be 
the usual mode of reproduction accompanied with "ovoviviparity" 
Hughes-Schrader (1948) report facultative partheogenesis in 
few coccids. Most species are oviparious e.g., Pseudococcus 
citri (Berlese, 1893). Hough (1925) reported Trionymus 
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trifoli as viviparous. Pedronia hawaiiansis, Pedronia 
ciboti, Pedronia dura and Pseudococcus chloris are ovoviviparous 
(Beardsley, 1957 and 1962b), but eggs are deposited in all 
the species of coccids. 
According to James (1937), "the male sex in the family 
coccidae is supposed to play only a minor role in reproductive 
activity. The minuteness andfragility from the female, its 
ephemeral existence and the fact that the cases of 
parthenogenesis have been proved to occur in coccidae, all 
tend to foster a supposition which is supported by little or 
no experimental evidence". 
The literature regarding the copulation, its duration 
and nature in coccoidea is scanty and has been studied in 
few coccids only (Fullaway, 1910; Sikes, 1928; Misra, 1931; 
Venkataraman, 1941; Sankaran, 1959; Rawat and Modi, 1967; 
Sinha 1972; Singh et / 1980., Sinha et al., 1985). The 
copulation duration vary from species to species. In many 
cases it was found that a single male may inseminate more 
than one female (James, 1937; Chauhan and Misra, 1970; Tashiro 
and Beavers, 1968). In Planococcus citiri, the males mate only 
with adults, females could be mated as very young 
imagos but oviposition may be delayed and two males may mate 
with one female simultaneously(Nelson-Rees, 1960). 
There is no comprehensive record on pre-ovipoairion, 
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oviposition and post-oviposition periods of mealy bugs. The 
oviposition period in Centrococcus insolitus continues for 
3 to 4 days (Sinha, 1972) while in Ferrisia virgata 
it was found to last for 6 to 32 days (Rawat and Modi, 1967). 
The eggs are laid in egg sacs which contain variable 
number of eggs in different species of mealy bugs (Essig, 
1910; Rao,1942; Sinha, 1972) but in few cases it was found 
that eggs are deposited in waxy cottony covering secreted 
by the dermal pores of female (Puttarudriah, 1954). In 
Ferrisia virgata, the eggs are laid in groups (Rawat and 
Modi, 1969). Number of eggs deposited by a single female 
varies under different ecological conditions (Davis, 1984; 
Rao, 1942; Singh-Pruthi and Mani,1945; Puttarudriah, 1954; 
Ali, 1957; Sankaran, 1959; Agarwal, 1960; Tsalev, 1966; 
Panis, 1970; Williams, 1970; Sinha, 1972). incubation period 
varies from few minutes to one or two weeks. Davis (1894); 
Singh-Pruthi and Mani (1945) have reported an incubation 
period of one to two weeks in Pseudococcus citri in America 
and India^ respectively with widely different ecological 
conditions. Rawat and Modi (1969) reported 15-20 minutes 
incubation in F. virgata while Sinha (1972) reports 6-7 
days incubation period in C. insolitus. The eggs of S_. sacchari 
hatch out within few hours after deposition (Puttarudriah, 
1954; Ali, 1958). 
Life-history studies on various mealy bug • species 
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indicate that the usual number of instars in this group is 
four in female and five in male. Occurrence of four instars 
in females and five in males seems to be the common feature 
of mealy bugs (Matheson, 1909; Essig, 1910; Swezey, 1913; 
Basinger, 1934; Myers, 1932; James, 1937; Rao, 1942; 
Agarwal, 1953; Arora and Surindranath, 1960; Beardsley, 1962b; 
Rawat and Modi, 1969; Yadav, 1971). However, Berlese (1983) 
believed that females of Pseudococcus citri have five insLdct. 
and Newstead (1901-1903) recorded three stages only, whereas 
Uichanco and Villanueva (1932) reported seven instars in 
both the/sexes of S. sacchari in Philippines. Sinha ( 1972) 
reported four instars in female C. insolitus but six in male 
including prepupa. 
The moulting of the last female nymph to neotenic 
adult female is also a common feature throughout the family 
Pseudococcidae. On the basis of the findings of Swezey (1913) 
and Beardsley (1962b) on the life-history and metamorphosis 
of S. sacchari in Hawaii, as well as the observations of 
other workers on certain species of mealy bugs, it may be 
generalized that males and females are similar upto second moult 
Thereafter the males enter a period of rest prepupa, however, 
females passes on to the next succeeding stage before attaining 
maturity and remain in wingless form, after the third moult 
and is hence neotenic. Berlese (1912) considers this type of 
metamorphosis as 'neometaboly', a passage from heterometabol
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to holometaboly. Polymorphism in male S. sacchari has been 
reported by Hafez and Salama {1967). Infew mealy bugs two 
types of males occur winged and wingless. The wingless 
male in sacchari was first reported by Rao (1943) followed 
by Beardsley (1960a). 
Sex-ratio in Pseudococcidae seems to range between 
extremes but factors controlling it are not known (Sinha, 1972). 
As per findings of James (1932) it appears that in many species 
of mealy bugs the male out number females, while in other 
species of mealy bugs females out number males (Ito, 1938: 
Rao 1942; Beardsley, 1962b;' Rawat and Modi, 1969; Sinha,1972). 
The life-span of male mealy bugs is shorter than that 
of female and male dies soon after copulation (Fullaway, 1910; 
Quayle, 1912; Sikes, 1928; Warner, 1931; Misra, 1931; Arora 
and Surindranath, 1960; Husseiny, 1962Jl In Pseudococcus 
saccharicola (Rao, 1942) males live for about three days 
and Ito, (1938) reported that unmated male of Pseudococcus 
brevipes live longer than mated ones. Life-span of C.insolitus 
varies from 3 to 9 days (Sinha, 1972). The life span of adult 
female ranges according to ecological conditions. 
Generally various species of ants have a close association 
with honeydew producing Homoptera. Ants provide protection to 
mealy bugs and scale insects and in return they get a sugary 
colorless liquid^the honeydew. Many species of ants mostly in 
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the sub-families Myrmicinae, Dolichoderinae and Formicinae 
feed upon the honeydew produced by a aphids and other 
homopterans (Wilson, 1971). The insects most concerned with 
such type of association belong to various families of 
Homoptera (Way, 1963), viz., aphids, coccids, membracids, 
psyllids etc. The association between ants and homopterans 
is defined as "mutualism" (Way, 1963). Association of aphids 
with ants may increase aphids feedingrate (Banks and Nixon, 
1958). The population of aphids and coccids attended by ants 
for honeydew they secrete, multiply more rapidly than those 
not attended by ants (Nixon, 1951; Flanders, 1951). The ants 
may reduce the effectiveness of natural enemies and even 
some times they may transport the young crawlers of mealy 
bugs from one place to the other. The dead " mummies" of 
mealy bugs which are carried by ants to their nests are 
presumably a useful source of protein. A number of other 
accounts of association of ants with mealy bugs and other 
homopterans (Newstead, '1901-1903'; Wheeler, 1910; Van der 
Goot , 1916; Bunzli, 1935? Herzig, 1938; Goldanich, 1959; 
Kloft, 1953; Pontin, 1958; Bartlett, 1961; Re'al, 1959 and 
McLain, 1980). 
Literature pertaining to 'host-pest' interaction is 
exiguous, only few references are available. The sole detailed 
work on 'plant-insect' relationship is that of Williams (1970) 
on sugarcane scale insect, Aulacaspis tegalensis on reduction 
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of cane juice composition, Williams (1970) further studied 
the effect of scale insect on germination and cane yield. 
The mode of feeding by coccids has been the subject of 
investigation by only few workers (Smith, 1925; Agarwal 
et al./ 1959; Agarwal, 1960; Krishnaswami et al., 1964; 
Hafez and Salama, 1969 and Williams, 1970). 
Environmental conditions also regulate the distribution 
of mealy bugs and scale insects. The main factors, temperature, 
humidity and rainfall, play important roles in restriction 
and out-break of mealy bugs. Literature pertaining to the 
distribution of mealy bugs and scale insects in relation 
to the environmental factors are these of DeCharmony (1913); 
Bodenheimer (1950); Syeed et (1962); Igwebe (1966); 
Hafez and Salama (1964, 1969); Salama and Saleh (1970) and 
Williams (1970). In India, literature regarding the distribution 
is scanty (Ali, 1957; Agarwal, 1960; Kareem e^ a]^ . , 1963; 
Rawat and Modi, 1967; Satpathy and Das, 1969; Tripathy and 
Tewary, 1986). Outbreak of rice mealy bug Heterococcus rehi 
in Bihar has been reported by Narayan and Ram (1985). 
Further, the spread of mealy bug also increases the population 
of other insects associated with them. According to 
Neuenchwander et aJL. (1987) that with the introduction and 
spread of Phenacoccus manihoti Matile-Ferrero, the arthropod 
fauna on cassava rapidly increased in abundance and complexity. 
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Most parasites of mealy bugs are hymenopterous and 
they belong to the family Encyrtidae, Aphilinidae, Eulophidae, 
and Signiphoridae (Howard, 1898b; Crawford, 1916; Girault, 
1917a; Timberlake, 1932; Compere, 1937, 1939; Thompson, 
1944; Agarwal, 1965;Subba Rao, 1957, 1977; Subba Rao and 
Rai, 1970; Rawat and Modi, 1968b, 1970; Bhutani, 1972; 
Shafee et al., 1975; Hayat, 1973; Majid, 1979; Nigam, 1983; 
Noyes and Hayat, 1984; Pruett and Coloque, 1984; Gautam 
and Kataria, 1986 and Summy et 1986). The most effective 
predeators are coccinellid beetles (Rawat and Modi, 1968b; 
Dick, 1969 and Nigam, 1983). 
FUNCTIONAL ANATOMY OF THE 
REPRODUCTIVE SYSTEM 
- 19 -
I n t r o d u c t i o n 
The reproductive organs present a very wide range of 
variation in different insects (Imms, 1977). The reproductive 
systems of insects in the real sense is a complex of organs, 
and their chief fucntions lie with the succeeding generation 
(Snodgrass, 1935). For convenience the reproductive system 
is differentiated into internal genitalia, and external 
genitalia. The internal genitalia serves to lodge the germ 
cells, to provide for their nutrition, and to furnish them 
a protected space within the body. The external genitalia 
accomplish the union between thesexes and in addition enable 
the female to deposit eggs. 
A good majority of insects reproduce sexually, and are 
amphigonous and oviparous. Viviparity and ovoviviparity is 
also found in some insects. Parthenogenesis is also met within 
many insects where the males do not occur or are few in number 
reproduce 
due to this the copulation is not affected and the females /_ 
parthenogenetically. Saccharicoccus sacchari is representative 
of the latter group where males are but few in number. 
Literature pertaining to reproductive system of mealy 
bugs and scale insects is exiguous. Studies by earlier workers 
are mainly restricted to anatomy and histology of the female 
system. Hardly any reference is available on anatomy and 
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histological studies of male reproductive system of mealy 
bugs. 
One of the pioneering works on female reproductive 
system is of Leydig (1854) who described and figured the 
ovaries of Lecgnium (Coccus) hesperidium. Later works on 
the female system include, Johnston (1912) on Icerya purchasi: 
Child (1914) on Epidiaspis piricola; Misra (1931) on Laccifer 
lacca; Ali (1958) on Pseudococcus vastator; Nelson-Rees 
(1961) on Planococcus citri; Latif and Saeed (1959) on 
Drosicha stebbingi and Yadava (1966) on sacchari. However, 
no serious attempt has been made by earlier workers to 
describe the male reproductive system of mealy bugs. Targioni-
Tozzetti (1967) has given only the nature of sperm and sperm 
bundle of a mealy bug, Dactylopius longispinus (Pseudococcus 
adonidum), soft scale Lecanium leavis and armored scale 
Diaspis bouchei. A useful description of structure of sperm 
and sperm bundle of coccids has also been given by Hughes-
Schrader (1935, 1944, 1948): Doutt (1949); Magnin (1952); 
Nelson-Rees (1960) and Nur (1962). 
From the aforesaid discussion it is clear that the 
reproductive system of Saccharicoccus sacchari 
needs a re-examination as the accounts given by various 
workers are far from conclusive. In the present piece of 
work efforts have been made to provide a detailed picture 
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of the reproductive systems. Ultrastructural studies of 
female reproductive system has been carried out to fill 
the lacunae in the overall knowledge about the functional 
anatomy of the fomalo reproductive organs. Light microbcupy 
of the male reproductive organs is also included in the 
present study. These information could be utilized in 
strengthening the control measures against this pest. 
Materials and Methods 
(a) Light - Microscopy :- The adult females and males 
were dissected in normal saline under binocular microscope. 
For the purpose of gross anatomical studies, the whole mounts 
of reproductive organs were prepared having stained with 
borax-carmine. 
For histological studies a number of fixatives like 
Zenker's fluid, Bouin's fluid (alcoholic), Carnoy's fluid 
were tested.Bouin's fluid (alcoholic) proved a good fixative 
for cytoplasmic as well as nuclear differentiation. The 
tissue was fixed in Bouin's fixative for 4-6 hours and 
washed for 24 hours or more till all fixative was drained 
out. Later on material was dehydrated passing through usual 
grades of alcohol and cleared in 50:50 xylene and absolute 
alcohol and finally in pure xylene. The cleared material 
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was embedded in pure paraffin wax of 58-60°m.p. Sections 
of 5-6 p thickness were cut using"rotary microtome". For 
staining purpose Heidenhain's iron haematoxylin was used, 
with eosin (alcoholic) as a counter stain. Complete 
dehydration was ensured before mounting the slides in 
D.P.X. for microscopic examination. Drawings were made with 
the aid of camera lucida. 
For study of sperms, squash mount of the testis was 
prepared. For this purpose the males were fixed in Bradley-
Carnoy fluid, i.e., four chloroform; three absolute alcohol; 
one glacial acetic acid, in parts per volume (Bradley, 1948) 
for a brief period and later on the males were dissected and 
testis squash was made in acetocarmine. 
(b) Electron Microscopy (Transmission) :- Number of adult 
females were dissected in normal saline and tissues were 
quickly transferred to Kornovsky's fixative, 5% glutaraldehyde/ 
4% paraformaldehyde in 0.2M sodium cacodylate buffer, for 
about 10-12 hours at 4°C. The tissues were washed subsequently 
passing through several changes of 0.2M cacodylate buffer 
(pH 7.4) for about 24 hours at 4°C. The tissues were post 
fixed in Caulfield's fixative (4% aq, osmium tetraoxide) 
for 2 hours at 4-6°C, washed cold distilled water giving 
4-5 changes. Dehydration was carried out through various 
grades of ethanol, two changes in each grade for 10 minutes. 
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After dehydration the tissues were transferred to 
100% ethanol andresin in equal proportion for two hours 
(rotating in unstoppered vial). Thereafter, the tissue was 
placed in 25:75 ratio of ethanol and resin for 8 hours 
(rotating in unstoppered vial). Tissue with 100% resin 
were kept in vaccum for 18 hours. 
For final embedding, the specimens were oriented in 
flat laytex moulds with fresh resin. After 8 hours the resin 
got polymerised at 70°C temperature. Spurr's resin was used 
in preparation of blocks. 
Ultrathin sections were cut with glass knives using 
2128 LKB Brornma Ultratome, and collected on bare copper 
grids and double stained with unranyl acetate and lead 
citrate. Photomi:;E6graphs were taken on EM Phillips-420' 
and Hitachi HU-llE electron microscopes. 
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R e s u l t s 
1. The Female Reproductive System * 
The female reproductive system of S. Sacchari consists 
of a pair of ovaries each of which opens into lateral 
oviducts, the two lateral oviducts unite to form a single 
median common oviduct. Spermatheca and three colleterial 
glands open into the vagina. 
(A) Anatomy of the female reproductive system (Fig. 1) :-
The ovaries (Ov) of S. sacchari are voluminous, 
occupying major portion of the body cavity (Fig.l). It is 
located dorsolaterally to the digestive organs. Ovaries 
neither form loop anteriorly as in Icerya purchasi 
(Johnston, 1912), nor do they branch dichotomously as in 
Laccifer lacca (Misra, 1931), but remain free. 
Each ovary is connected with the lateral oviduct (Odl) 
which in turn unites with the counterpart to form a common 
oviduct (Ode) leading to the vagina (Vg). Each of the paired 
ovaries is formed of several hundred of tubular ovarioles 
(Ovl) of varying size, communicating with the lateral 
oviduct of its side through a pedicel (Pd). 
The lateral oviduct (Odl ) is an elastic tube 
connecting the ovary of its side with the common oviduct. 
The latter is a short tube of which posterior portion 
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functions as vagina. 
Spermatheca (Spt) is an unpaired structure attached 
to the vagina. There are three well developed colleterial 
glands (Cogl) one attached ventrally and two laterally to 
the vagina. Each gland opens independently into the vaginal 
tube. 
(B) Histology of the female reproductive system :-
(1) Ovary (Ov) :- The ovariole of . sacchari can be 
divided into two zones the small apical zone, 
germarium (Grm) and the larger basal zone, vitellarium (Vtl) 
or zone of growth. But these two zones are not clearly 
demarcated in young ovarioles as revealed by the light 
and electron microscopical studies (^•igs.2,8). In the 
mature ovariole, however, two zones are well differentiated 
due to the formation of a constriction or neck (Cne) 
between germarium and vitellarium (Figs. 3,9). 
The follicular epithelium surrounding the germarium 
is thinner than that of the vitellarium, while the 
prefollicular mononucleate epithelial cells of vitellarium 
have well demarcated cellular boundaries in a young ovariole 
(Fig.8). In the later stage (Fig. 12) of the young ovariole, 
the prefoilicular (PF) tissues develop into follicular 
epithelium (F) which organise themselve in a columnar 
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fashion and ensheath the oocyte (Fig.12). The pedicel (Pd) 
opening of the ovariole into lateral oviduct, is more 
pronounced in second stage (Fig.12). Contrary to the 
earlier belief that the germinal epithelial cells never 
multiply, while the epithelial cells of vitellarium multiply 
rapidly to accommodate the protoplasmic substances coming 
from the nurse chamber above, the present investigation 
suggests that germinal epithelial cells (So multiply 
although slow, in comparison to cells surrounding the egg 
chamber or vitellarium (Fig.17). In mature ovariole, the 
germinal epithelial cells degenerate and only the degenerated 
trophic nuclei (tn) remain in nurse chamber, whose cytoplasm 
exhibit free ribosomes (Rb) and few mitochondria (M) (Fig.18). 
In transverse section of vitellarium of young ovariole, 
the epithelium is found resting upon a thin basement 
membrane (BM) without any cellular boundaries, but having 
a distinct nucleus (N) (Fig.10). Possibly due to che 
retraction of fdllicular epithelium from oocyte surface, 
a gap or oolemma (OL), appears which may not be distinct 
in each case. The longitudinal section of advanced stage 
ovariole, reveals that the mononucleate epithelial cells 
around the egg chamber (vitellarium) are columnar having 
distinct cell boundaries. The epithelial cells are 
separated from general haemolymph, only by a feeble basement 
membrane (Fig.13). Mitochondria is also present in granulated 
cytoplasm of approximately uniform density. Previously, 
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Shinji(1919) elsewhere reported the cubical or elongate 
ovoid shaped epithelial cells in Pseudococcus sp., but in 
S. Sacchari the cells are columnar and mononucleate.Inter-
cellular spaces (IS) are also distinctly located in cells. 
The oolemma becomes more distinct in between the epithelial 
cells and developing oocyte (0). Numerous microvilli (MV) are 
present at the apices of the epithelial cells. A number of 
coated vesicles (Ve) or pits having secretion, possibly protein 
occupy the periphery of the oocyte. 
The broad anterior part of each ovariole, called 
germarium, lodges 'germ cells' that are destined to become 
the oocytes besides other cells which take up the task of 
'nursing' or supplying the nutrients to the developing gamete 
or oocyte. In the ovariole of S. sacchari it has been found 
that out of 4 germ cells one is transformed into an oocyte 
proper and remaining three become 'nurse cells'. The future 
oocyte cell remains arrested within the germarium as shown 
in figure (8). Presumably this stage may be called as 
'previtellogenic phase of growth'. 
Each ovariole of S. sacchari is 'acrotrophic type' in 
which the trophocytes are connected with the oocyte by means 
of long protoplasmic nutritive cords (NC). In S. sacchari the 
oocyte migrate from germarium to the vitellarium, while the 
nurse cells lag behind, The nurse cells have large nuclei 
and cytoplasm of varying density. All the nurse cells open 
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into a common area, the central {trophic)core (TC) (Fig.8). 
The same central core connects the oocyte through a thin 
nutritive cord ( Nu ) (Figs. 3 / 8 ) . These protoplasmic nutritive 
cords (Fig.15)# supply nutrients to the developing oocyte. 
The cytoplasm of germarium is shown having free ribosomes 
(Rb) around the nutritive cords (Fig.15). These nutritive 
cords degenerate or vanish in mature ovariole where only the 
degenerated nuclei of nurse cells could be observed with 
few cell organelles (Fig.18). 
I 
The appearance of typical brush-border of microvilli 
in oolemma marks the begining of the vitellogenesis, which 
is accompanied by accumulation of yolk spheres in the oocyte, 
the nutritive cords gradually degenerate during the process 
of /itellogenesis. The mononucleate follicular cells around 
the growing oocyte form the monolayered epithelium (Fig.13). 
In case of S. sacchari vitellogenesis is completed 
in two stages in the first stage, substances presumably 
the protein, in the space around the oocyte become 
concentrated at the surface of the oolemma. At this stage 
the number of microvilli, is small (Fig.14) and there is no 
active transport of protein. The ooplasm (00) contains a 
number of electron dense opaque (V) granules presumably 
proteinacious in nature besides vacuoles (Va) of unknown 
nature. Mitochondria are present around the ooplasm 
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(Figs.10,11). In the second stage, thebrush border of micro-
villi becomes more pronounced in between oocyte and follicular 
epithelium. At this stage numerous pinocytic coated vesicles 
or pits pinch off from the follicular epithelium. These 
coated vesicles contain dense material representing protein. 
On reaching the oocyte these vesicles coalesce to form large 
droplets of protein. At the onset of albuminous yolk synthesis 
an intercellular space (IS) appears between the adjacent 
follicular epithelial cells (Fig.13)' 
Vitelline membrane is laid down at the end of 
vitellogenic growth phase, while the follicular cells and 
basement membrane becomes thin. The oolemma becomes thin 
and microvilli inconspicuous. The nucleus of oocyte becomes 
more conspicuous with distinct nucleolus (nu), the nuclear 
envelope (NE) is well demarcated. The cytoplasm has free 
ribosomes (Fig.16). 
In fully mature ovariole, the connecting neck (Cne)and 
the nutritive cord are lost and oogonia (Oog) which fails 
to develop further, degenerates. A number of vacuoles (Va) 
and rough endoplasmic reticulum (rER) with free ribosomes 
are noticed in the cytoplasm (Fig.9). 
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(2) Lateral Oviduct (Odl) :- The ovariole^ open indepen-
dently into the lateral oviduct (Odl) (Fig.l) of respective 
side. The two lateral oviducts converge posteriorly to form 
a common oviduct, whose distal portion becomes distended to 
function as vagina. 
The epithelium of oviduct is formed of rather flattened 
columnar or cuboidal cells supported on a thin basement 
membrane. Circular muscles (Cml) in three or four layers, 
cover the basement membrane (BM) externally, while the weakly 
developed longitudinal muscles (Lml) are sparsely arranged 
in linear fashion. Peritoneal sheath (PSh) around the muscular 
layers, is represented as thin layer. The lumen (Lu) of the 
lateral oviduct is narrow. 
(3) Common Oviduct (Ode) :- Common oviduct (Figs. 1,4; 
Ods) is an extension of lateral oviducts and, as such, has 
the same essential features as met within the lateral oviducts. 
The lumen of the common oviduct is, however, quite spacious. 
(4) Vagina (Vg) :- The distal portion of common oviduct 
which is highly muscular, functions as vagina (Figs. 1,5,9) 
It opens outside through the female external opening located 
on 8th sternum. The lumen (Lu) is quite narrow and is inter-
nally coated with a thick intimal (Int) lining. The epithelium 
(Ep) is glandular having a number of vacuoles with distinct 
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nuclei (N). Contrary to earlier reports that epithelium of 
the vagina has a definite plan of columnar cells, the electron 
photomicrographs (Figs.19,20,21,22), have revealed that the 
epithelium is glandular in nature and the cells are without 
any definite plan. Variously shaped nuclei (N) are observed 
in the epithelium. Vacuoles are abundant near the infoldings 
of the cell membranes. The basement membrane supporting the 
epithelium is thin. Externally, the vagina is surrounded by 
a thick coat of circular muscles (cml) arranged in striated 
bundles, followed by longitudinal muscle (Lml) layers. The 
powerful circular muscles facilitate the expulsion of eggs 
at the time of oviposition. The whole musculature is exter-
nally covered over by a peritoneal sheath(Figs.5,19,21,PSh) 
The cytoplasm of glandular cells contain, the various 
cell organelles. Number of mitochondria and Golgi complex 
are present near the intimal lining. Fairly good number 
of microtubies (mt) are also present near the intimal lining 
and free ribosomes are also abundantly present in the 
cytoplasm (Figs. 20 , 22 ) . 
The lumen of the vagina of gravid female contains a 
number of sperm bundles (Sp) (Fig.22). The presence of 
various cell organelles near the intimal lining suggests 
the active secretion of the 'fluid' which facilitate the 
passage of sperms (Fig.22). 
The circular muscle layer becomes thin at the junction 
- 32 -
of colleterial gland where it joins the vagina (Fig.19, 
indicated by arrow heads). 
(5) Spermatheca (Spt) :- The spermatheca is a single 
unpaired structure attached to the dorsal wall of the vagina 
with a short spermathecal duct (Fig.1,SptD). In natural 
condition it lies hidden under the common oviduct. The short 
spermathecal duct originating from the mid-dorsal surface of 
the spermathecal chamber, runs posteriorly and turning towards 
mesal side opens into the vagina on the dorsal aspect. 
Spermatheca functions to store and nourish the spermatozoa 
until the eggs are ready for fertilization. 
The glandular epithelium of spermatheca rests on a 
thick basement membrane, while the lumen is lined by highly 
chitinised intimal lining (Figs. 6,23,24). The epithelial 
cells contain densely granulated cytoplasm of varying density. 
The prominent nuclei are present in the basal half of the 
cell (Fig.23). Smooth membrane cisternae of the Golgi complex 
(GC) are present. Vacuoles of a varying size are located near 
the intimal lining. Mictotubules (mt) are also prominent in 
the epithelial cells. 
The lumen of spermatheca is quite spacious, protected 
by a thick intimal lining, a large number of sparms are held 
in the lumen of the spermatheca (Figs. 6,23,24). The lumen 
is filled with secretion (Sr), which serves as a medium for 
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the sperms besides nourishing them. The secretion is poured 
upon the sperm cells by active secretory nature of the 
glandular epithelium. 
The sperm cells are ensheathed by a sperm bundle sheath 
(SSh). In a single sperm cell, the microtubules, around the 
chromosomal core (Chc) make two-and-a-half rings (Fig.24). 
The microtubules and chromosomal core are enclosed by a cell 
membrane (arrow). It seems apparent that each bundle has 
about 16 sperm cells (Fig. 24). 
(6) Colleterial Glands (Cogl) :- in S. sacchari there are 
three colleterial glands, one attached ventrally and two 
laterally on to the vagina. Each gland is enclosed by a thin 
non-nucleated membrane. The well developed glandular 
epithelium has scattered oval shaped nuclei. The epithelium 
is highly vacuolated, which are largely accumulated near 
the lumen of the gland. The lumen contains secretions of a 
varying nature. The colleterial gland opens directly into 
the vagina (Figs. 1,7). In electron micrograph (Fig.25) 
it is observed that the cytoplasm of the gland contain free 
ribosomes (Rb) of uniform distribution. Flew vesicles (Vs) , 
filled with some secretory material are also observed in 
cytoplasm. 
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The function of these glands is still obscure. 
Snodgrass (1935) and Ali (1958) described them responsible 
for the secretion of cottony material which forms the 
ovisac. According to Mercer and Brunet (1959) and 
Bacetti (1967), colleterial gland of female cockroaches 
is responsible for secreting the tanned protein of the egg 
capsule or ootheca. 
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D i s c u s s i o n 
"It is the task of the female reproductive tract in 
insects to receive and store the products of the male system, 
to produce eggs and deposit them at an appropriate time and 
in the appropriate place. Spermatheca stores the spermatozoa 
and provides appropriate nutrition and other conditions to 
ensure their viability, until they are used to fertilize 
the eggs {Davey, 1965). 
Like other insects, female S. sacchari has two tube 
like ovaries in her abdomen, located dorsolaterally to the 
digestive organs. The numba: of ovarioles in different stages 
of development bud off from the tube. In order - Heteroptera, 
ovarioles are few in number, generally 4-7. Akbar (1958) in 
Leptocorisa varicornis recorded 7 ovarioles. Qadri and Aziz 
(1950) recorded 28 elongated ovarioles in Pyrilla perpusilla. 
In Homoptera - Coccoidea, the number of ovarioles in each 
ovary is numerous (reaching upto several hundreds). Each 
consisting of a single follicle from a wide oviduct as observed 
in Icerya purchasi (Johnston, 1912) the oviducts are united 
anteriorly forming a broad loop. In aphidoidea the number 
of ovarioles varies in different phases of life-cycle. Thus 
in Viteus vit i foli in the apterous parthenogenetic forms they 
range from 1 or 2 to 30 in varying conditions (Foa, 1912), 
each containing two follicles while in alate females there 
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are usually two. In sacchari the number of ovarioles is 
quite large. Structurally the ovarioles of S. sacchari are 
very much like those of Pseudococcus vastator (Ali, 1958); 
Icerya purchasi (Johnston, 1912); Epidiaspis piricola (Child, 
1914) and Laccifer lacca (Misra, 1913). The suspensory ligament 
in _S. sacchari is wanting as also reported by Akbar (1958 
in Leptocorisa varicornis. 
Each ovariole consists of only one germ cell cluster 
(Emeis, 1915; Hughes-Schrader, 1925; Weglarska, 1961; 
Ksiazhiewicz, 1980;Buning, 1981b). In most species only three 
nurse cells and one oocyte are found. Generally, the nurse 
cells occupy the distal part of tropharium while the oocytes 
are lodged in the proximal part. 
The germ cell cluster formation in coccina is well 
proposed and illustrated by Buning (1981b) and confirms the 
findings of Telfer (1975). The germ cell cluster formation 
begins with a single cell and this single cell divides 
amitotically and finally gives rise to a rosette of 4 cells, 
one of them functions as oocyte and the rest transform into 
nurse cells. 
In Coccids it is well known that ovaries are 'acrotrophic' 
or 'telotrophic meroistic' type (Lubbock, 1859; Shinji, 1919; 
Ali, 1958; Yadava, 1966). In S. sacchari each ovariole is 
telotrophic meroistic type in which the trophocytes are 
connected with oocyte by means of protoplasmic nutritive cords. 
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The nurse cells degenerate after the egg is fully developed. 
The telotrophic type of ovaries are also reported in many 
other hemipterans (Malouf, 1933 in Nezara viridula; Qadri 
and Aziz, 1950 in Pyrilla perpusilla; Akbar, 1958 in 
Leptocorisa varicornis; Patel, 1958 in Anthrenus vorax). 
The origin of the three ovarian elements namely, the 
nurse cells, egg cell and epithelial cells remained obscure 
for a long time. Leydig (1854) statedthat the ovarian elements 
the nurse cells, egg cells and epithelial cells must have 
arisen from undifferentiated germ glands. Leuckart (1858) 
reached at the same conclusion, i.e., the three ovarian 
elements originate from undifferentiated germ glands. 
According to Shinji (1919) the three ovarian elements are 
derived from the primordial germ cells. He has further stated 
that", germ cells in the ovary give rise to a mass of oogonia, 
a few of which situated along the periphery, undergo last 
division forming four oocytes. The three of these primary 
oocytes begin to secrete a protoplasmic substance but the 
one situated towards the proximal end does not exhibit 
secretory characteristic and developes into an oocyte proper. 
The three secretory cells take up the responsibility of 
nourishing the single oocyte, and are, therefore, called 
nurse cells. In S. sacchari also the nurse cells open into 
trophic or central core. Prom trophic core nutritive 
substances are transported to developing oocyte through 
nutritive cord. 
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The cytoplasm of nurse cells is rich in free ribosomes and 
mitochondria, but the other cell organelles seem to be 
wanting. In trophic core region, numerous microtubules are 
reported by many earlier workers (Hamon and Folliot, 1969; 
Brunt, 1970; Huebner and Anderson, 1970, 1972c; Mays, 1972; 
Matsuzaki, 1975 and Biining, 1981a). The present writer, 
however, fails to trace out the microtubules in trophic core 
region. Schriener (1977a) reported a large number of micro-
tubules as well as free ribosomes, mitochondria and vacuoles 
in trophic core region in ovariole of milkweed bug Oncopeltus 
fasciatus. 
Vitellogenesis and other aspects of oogenesis have 
been studied extensively in a wide range of animals (Raven, 
1961; N^rrenvaig, 1968). In very young ovariole of S. sacchari 
prior to previtellogenesis, the prefollicular tissues develop 
abruptly into follicular epithelium which ensheathes the 
growing oocyte. At the beginning of the vitellogenesis the 
follicular cells become moncrucleate .But in case of bugs 
(Heteroptera) the follicular cells become binucleate by 
amitosis (Gross, 1901; Brunt, 1971). In _S. sacchari only one 
oocyte in each ovariole enters into vitellogenesis phase, 
while in a number of hetaropterans, several oocytes in the 
same ovariole enter the vitellogenic growth phase simultaneo-
usly, making the vitellarium highly extended (Bonhag, 1958). 
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During the egg production period a large amount of 
yolk must be stored in the developing oocyte in a relatively 
short time, probably to provide a nutritional supply for the 
developing embryo. The major proteins of the oocyte and 
newly laid eggs are the vitellins or yolk proteins (Bownes, 
1986). The protein which forms the protein yolk is derived 
from the blood. According to Smith (1968) in amphibia, birds 
and mammals, the proteins present in the blood serum, and 
indeed the former, is not synthesized within the ovary, but 
having been produced elsewhere in the body, are passed into 
the circulatory system from where it is sequestered by the 
developing egg cell. 
At the time of vitellogenesis in Hyalophora (Lepidoptera), 
Aedes and Calliphora the follicular epithelium retracts from 
the surface of oocyte. Presumably the proteim, in the space 
round the oocyte, concentrates itself at the surfaces of 
oolemma and is then taken upl^pinocytosis, pinosomes appearing 
in the cell membrane at points indicated by a series of 
bristle like striations on the inside. The pinosomes become 
cut off as vesicles which fuse together, ultimately transfor-
ming into crystalline yolk spheres. According to Bownes (1986) 
the vitellogenins, as the proteins circulating in the haemolymph 
are often termed, are produced in the insect fat body and 
accumulated in developing oocyte by pinocytosis and yolk 
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protein synthesis and various relationships between egg 
production and feeding in insects are extensively studied 
by him in Drosophila - melanogaster, Aedes aegypti, Leucophaea 
maderae, Blatella germanica and Locusta migratoria. Bownes 
(1986) further reported that thefat body is a major site of 
synthesis of yolk proteins. The newly synthesized proteins 
and those circulating in the haemolymph are called vitellogenins 
and those stored in the egg, are known as vitellin. In Aedes 
aegypti, Drosophila melanogaster/ the yolk proteins concentrated 
in coated pits are taken into the oocyte by coated vesicles 
through pinocytosis and are stored as crystalline yolk granules. 
As vitellogenesis commences, pits appear in the plasma membrane 
and coated vesicles are seen in the oocytes. These coated 
vesicles fuse with a series of tubules that differentiate 
in the oocyte to form the yolk platelets (King, 1970; Giorgi 
and Jacob, 1977 and Mahowald and Kambysellis, 1980). 
The follicle cells in insects are known to play multiple 
roles, including synthesis of the intricate egg coverings and 
of high molecular weight proteins to be taken into the oocyte 
alongwith vitellogenin (Quattropani and Anderson, 1969; 
Telfer, 1979; Kimber, 1980). At the onset of vitellogenesis, 
the follicular epithelium retracts from the oocyte surface 
and the gap junctions and probably the follicle cell epithelium 
accomplish the transfer of proteins and other materials through 
these junctions (Giorgi and Mazzini, 1984; Huebner and Injeyan, 
1981; Huebner, 1984; Mazzini and Giorgi, 1984, 1985). 
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In S. sacchari, as the vitellogenesis begins, a gap or 
oolemina appears in between the follicular epithelium and 
oocytes. In a more advanced stage this gap widens and bears 
brush border of microvilli. A large number of coated vesicles, 
or pits containing dense material, the protein, pinch off 
at the surface of oocyte and coalesce to form large droplets 
of protein in the oocyte cytoplasm by a mechanism resembling 
the pinocytic vesicles. These structures provide a clue to 
the mechanism of protein yolk formation within the ooplasm 
in ovariole of S. sacchari. Sweeny et al. (1970) also reported 
that the yolk materials are products of the ooplasm in 
Lytta nutalli. 
The fate of vitelline membrane and chxion in insects 
still remain poorly understood (Sweeny et a_l., 1970), but 
it is generally believed that the ctoion is a product of 
the follicle cells, while the origin of the vitelline membrane 
is uncertain (King and Devine, 1958; Davey, 1965; King and 
Agarwal, 1965). Further, Gerrity et a]^ . (1967 ) suggested that 
the vitelline membrane may represent the modified plasma 
membrane of the oocyte. The study of Sweeny ^ al.(1970) 
reveals that the vitelline membrane formation begins prior 
to the formation of the oocyte plasma membrane (the microvilli 
or oolemma) in this way the plasma membrane, may become 
part of the vitelline membrane but the major constituents 
seem to be the electron dense material that collects in the 
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oocyte/follicle cell intercellular space, during the later 
stage of vitellogenesis. The deposition of dense material 
is also reported in Hyalophora but its origin is still to 
be ascertained (King and Agarwal, 1965). In case of 
sacchari the vitelline membrane is laid down after vitello-
genic growth phase, and it seems that it may be product of 
oocyte plasma membrane as'the microvilli or oolemma gets 
degenerated. 
The lateral oviduct of S. sacchari is long and tubular. 
The lateral oviducts converge posteriorly to form a common 
oviduct, the posterior portion of which functions as vagina. 
The anterior end of lateral oviducts remain free. Ali (1958) 
also made the similar observations in Pseudococcus vastator. 
The distal portion of common oviduct which is highly 
muscular, function as vagina. Child (1914) has described 
the vagina in Epidiaspis piricola as "a long, thick duct 
lined with prominent gland cells with prominent nuclei, which 
undoubtedly secrete a tough shell like material during the 
passing of the eggs", but such structure of vagina has not 
been observed in S. sacchari. 
Spermatheca in S. sacchari is unpaired and somewhat 
swollen structure, attached to the dorsal wall of the vagina 
with a short spermathecal duct. It appears from the references 
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available that spermatheca differs considerably in shape 
and size in coccids. Misra (1931) observed the same nature 
of spermatheca in Laccifer lacca as observed in the present 
study. Child (1914) described it as a rounded structure with 
a long "coiled duct in'Epidiaspis piricola. 
Spermatheca vary in number and form in different species 
each derived through invagination from the surface integument, 
is linedwith cuticle. The spermatozoa may be stored withifl 
lumen of the spermatheca in viable condition for a longer 
period, frequently for a matter of weeks, but in the honey 
bee and in certain ants for upto several years (Davey, 1965). 
In S. saccharic the spermatheca is glandular in its 
construction. The lumen is quite spacious to accommodate 
large number of spermatozoa. The spermatheca possibly 
provides an exogenous nutrient source for the spermtozoa. 
The three colleterial glands, one ventrally and two 
dorsally to the vagina, are present in sacchari. Ali (1958) 
in Pseudococcus vastator has also made similar observations. 
Furthrarhe expected them responsible for the secretion of 
cottony material which forms the ovisac. But recent findings of 
Cox and Pearse (1983) show that ovisac is made up of the 
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secretion of multilocular disc pores. In the opinion 
of the present writer,the secretion of the colleterial 
glands with dusty or powdery wax produced by multilocular 
disc pores form a gelatinous structure in which eggs 
are held and newly hatched nymphs are confined. 
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2. The male reproductive system* 
R e s u l t s 
(A) Anatomy of the male reproductive systems :-
The internal organs of reprduction of male insects are 
deceptively simple in their basic plan. The essential organs 
of male mealy bug^ Saccharicoccus sacchari is a pair of testes 
disposed off laterally in the abdomen occupying the greater 
part of body cavity and extending even into the metathoracic 
region. Each testis is creamy white oblong structure which lie 
posteriorly. The testes are greatly distended in the mature 
adult being full of large size sperms. In the region of the 
efferent duct (vasa deferentia). The vas efferentia open into 
swollen accessory gland, which connects the testes with the 
ejaculatory duct or ducus ejaculatorius. The latter is long 
narrow, tubular structure traversing last 3 or 4 segments of 
the abdomen and the entire length of theassociated copulatory 
apparatus, the penial style. The latter is highly chitinised 
recurved structure. 
(B) Histology of the male reproductive system :-
(1) Testes (Tes) :- Each testis (FigS. 26, 27, 28 Tes) has 
the form of a swollen tube. It is formed of a single follicle 
lined with a layer of syncytial epithelial layer (sEpth) with 
marked nuclei. The lenth of each testis ranges from 0.874 to 
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0.907 ram (ave. 0.891 mm). 
Histologically/ the testis can be divided into a number 
of zones on the basis of its developmental stages 
(I) Germarium (Grm) :- in S. sacchari at the apex of follicle 
2-3 " apical cells" are present. The nature of apical cell 
(Fig. 27, ApCl) is highly variable in different species of 
insects, in most of the cases where it is known to occur, it 
has been described either as a single large cell or as a nucleated 
mass of protoplasm. In sacchari the apical cells are quite 
distinct. The nature and type of apical cells has been discussed 
by Carson (1945) who recorded more than one apical cell in many 
an insect. 
(II) Zone of spermatocytes (Spc) :- The zone of spermatocytes 
(Fig.27, Spc) contains a number of encysted spermatogonia (Spg). 
The daughter cells of the spermatogonia are knovn as 'spermatocytes'. 
In S. sacchari the spermatogonia! cells are grouped in cyst. Each 
cyst is formed by an envelope developed from the cyst mother 
cells or cyst cells. 
(III) Zone of maturation & reduction (Mat. Red) : - In this 
zone the spermatogonia are found in various stages of development. 
They become enlarge. The size of cysts become larger as the 
spermatocytes divide into more and more spermatids. 
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(IV) Zone of transformation (Trans) :- The zone of transfor-
mation is the largest portion of testis. The upper shorter 
region can safely be taken as the "zone of spermatids". It is 
in this zone that compact bundles of immature spermatids (Spd) 
are present. The remaining larger portion of the zone of trans-
formatiDinii may be called as "zone of mature spermatozoa". The 
lumen of the testis is filled with a dense mass of spermatozoa 
while the latterremain in bundle form even after degeneration 
of the cyst wall. 
The mature spermatozoan (Spz) in S. sacchari is fairly 
long filamentous structure, tapering in 'zig-zag' fashion at 
the distal end. The length of a single sperm varies from 0.793 
to 0.858mm with the average of 0.826 mm. The tail end is uniformly 
broad forming an end piece. 
The sperms in S. sacchari, like other coccids are always 
arranged in bundles. Each bundle contains a large number of 
sperm cells. The sperm bundle is surrounded by a sperm bundle 
sheath. In case of S. sacchari the flagellum, mitochondria and 
nuclear envelope is wanting in sperm and is reduced to a membrane 
limited cylinder containing chromosomal material surrounded by 
two-and-a-half rings of microtubules (mt). Despite this simpli-
fication the 16 cells within each cyst contrive to be motile 
(Fig.30). 
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(2) Accessory glands (AcGl):- The accessory gland (Fig.29, 
AcGl) connects the testis and ejaculatory duct. Each accessory 
gland is small, swollen and sac like. The epithelium of the 
accessory gland is syncycitial (sEpth) in nature. The oval 
nuclei are scattered under no definite plan. Muscular layer is 
wanting. The spacious lumen of the gland contain a fluid which 
serves as a medium for the sperms. The accessory gland is highly 
secretory in nature and forms various mass of mucous which may 
even be discharged with the sperm. 
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D i s c u s s i o n 
"In insects it is the task of the male reproductive 
system to manufacture the spermatozoa, to deliver them to 
the female, providing them with an appropriate environment 
in the form of seminal fluid to nourish them until they reach 
the spermatheca of the female, and to deliver to the female 
contain chemical or physical stimuli which will signal the 
neuroendocrine system of the female mating has occurred (Davey, 
1965) " . 
In Heteroprera, the male organs are quite variable, each 
of the paired testis usually comprises seven follicles, but a 
have 
wide range of heteropteran faniilies/4-7 follicles (Woodward, 
1950; Qadri and Aziz, 1950 and Akbar, 1958). Each testis in 
Homoptera usually consists of a single follicle (Coccoidea), 
but varying in numbers, usually small, have also been reported, 
e.g., 4-5 in Pyrilla perpusilla. The follicle may be free or 
united in a common sheath. In _S. sacchari the entire testis 
constitute a single sperm follicle. The single sperm tube has 
been reported by Misra (1931) in Laccifer lacca and Nur (1962) 
in Pseudococcus obscurus. 
"As in ovary of the insect, the germ cells within testis 
are often arranged in a sequence that reflects the temporal 
changes involved in spermatogenesis. Thus, at the apex of the 
- 50 -
testis generally lie the undifferentiated primordial germ 
cells or spermatogonia. These are followed by a zone in which 
the products of spermatogonia! mitotic division, the primary 
spermatocytes become grouped into cysts, each of which contains 
the daughter cells derived from a single primordial cell enclosed 
within a follicle or sheath of somatic meiotic divisions, the 
secondary spermatocytes and spermatids and soon after the latter 
divisions ensures the striking series of morphological changes 
during which a rounded cell becomes transformed into an elongated 
flagellate gamete (Smith, 1968)". 
The histological study of a testis follicle shows some 
interesting features. In sacchari at the apex of follicle 
2-3 versonian cells or apical cells are present. The apical 
cells have also been reported by earlier workers in Hemiptera. 
Carson (1945) has made an extensive study of apical cells and 
suggested that the chief function of these cells is to transfer 
their abundant mitochondria to the spermatogonia! cells during 
spermatogenesis. 
The apical cells followed by a number of spermatogonia. 
In S. sacchari the spermatogonia! cells are grouped in cysts, 
which form an envelope. Posterior to this zone the spermatogonia 
are found in the process of growth. Theybecome enlarge in size. 
This zone is followed by the zone of transformation, where the 
spermatids are found and subsequently transformed into spermatozoa, 
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The lumen of testis is filled with a mass of spermatozoa as 
described by Misra (1931). 
The number of sperms in each bundle is usually constant 
and characteristic of the the different species and groups 
(Nur, 1962). An analysis of the formation of sperms in the 
scale insects Parlatoria oleave (Colvee) revealed that the 
number of sperms in each cyst was 32 and, as in the mealy bugs, 
each cyst gives rise to two sperm bundles which in turn contain 
16 sperms each. In sacchari each bundle contains 16 sperm. 
In mealy bugs, S. sacchari, the sperm bundles ensheathed by a 
thick outer sheath which is wanting in scale insects. Studies 
of Moses and Coleman (1964) reveal that spermatids of 
Steatococcus tuberculatus lacks flagellum, mitochondria and 
nuclear envelope andreduced to a membrane limited cylinder 
containing chromosomal material surrounded by microtubules and 
32 cells within each cyst. During the present investigation 
it was found that sperm cells posses the same constitution as 
the Steatococcus tuberculatus but the number of cells in each 
bundle is only 16. 
The mature spermatozoa in coccids is fairly long filamentous 
structure, tapering at the distal end. Even sometimes it is 
found that the length of sperms is longer than the length of 
the body. Berlese ((1893) reported that in Planococcus citri, 
at thebeginning of the formation of bundles, the testis were 
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about 300;j long, but at the time of the last moult they reach 
the length of about 1, 500;a, which is longer than the body of 
the male.Nur (1962) reported that bundleswere about 780;J long 
while in _S. sacchari the length of sperm bundle is 826^. The 
distal eno of each sperm differs in various species of mealy 
bugs. In sacchari the distal end makes an appearance of 
'zig-zag' structure. Nature of sperms in each species is dia-
gnostic tool of taxonomic value. 
Each testis, from its inner margin gives out a duct called 
vas deferens. In most insects, vas deferens consists of a narrow 
tube elongated vesicle (Snodgrass^1935; Imms, 1977). In mealy 
Dugs^ S. sacchari the vas deferens is short and leads to acce-
ssory gland, which is present in between the testis and ejacula-
tory duct. In Pseudococcus obscurus the accessory gland is present 
in between testis and ejaculatory duct (Nur, 1962). The accessory 
gland in S. sacchari is sac like which is formed of a syncytial 
epithelial layer, and nuclei without any clear cell boundaries. 
The posterior end of both the accessory glands jointly open 
into common median duct. In S^ . sacchari the ejaculatory duct is 
long tube travelling upto the associated copulatory apparatus. 
Fig.1 
Fig.2 
Fig. 3 
Fig. 4 - T.S. of oviduct. 
Fig. 5 - T.S. of vagina. 
BM, Basement membrane; Cml, Circular muscle; Ep, 
Epithelium; Int, Intima; Lml, Longitudinal muscle; 
Lu, Lumen; Psh, Peritonial sheath; Va, Vacuole. 
PSh 
Fig.4 
PSh 
Fig-5 
Fig. 6 - L.S. of spermatheca. 
Fig. 7 - T.S. vagina through colleterial glands. 
BM, Basement membrane; Cml, Circular muscle; Cogl, 
Colleterial gland; Ep, Epithelium; Int, Intima; 
Lml, Longitudinal muscle; Lu, Lumen; N/ Nucleus; 
Psh, Peritonial sheath; Sp, Sperm bundle; Sr, 
Secretion; Vg, Vagina. 
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Pig. 8 - Electron micrograph showing some resting 
oocytes (0), massive nutritive cords (NC) 
one long nutritive cord (Nu) connecting 
the resting oocyte to the trophic core 
(TC) region. Nurse cell nucleus (NCN) and 
nucleolus (nu) clearly present. The cell 
boundaries is clearly demarcated in 
vitellarium. PF, prefoilicular cells. 
Fig. 9 - Electron micrograph showing the connection 
(Cne) between germarium (Grm) and vitellarium 
of the mature ovariole (Ovl). Epithelium (Ep) 
of vitellarium degenerated, Some possibly 
degenerated oogonia (Oog) is present in the 
neck region, Rough surfaced endoplasmic 
reticulam (rER). M, mitochondria; IS, 
intercellular spaces. 

Fig 10 - E l e c t r o n m i c r o g r a p h showing the ce l lu la r 
s t ruc tu re of i m m a t u r e ovariole and depicting the 
s tage of v i tel logenesis as the microvil l i lMv) is not 
well d e m a r c a t e d , O o l e m m a ( O L ) , between the d e v e -
loping oocyte(O) is present . Protein dense bodies 
(arrow) concent rated at oocyte m e m b r a n e . T h e 
f o l l i c u l a r epithel ial cells( F) rest on a feeble b a s e -
m e n t m e m b r a n e ( B M ) . Oop lasm(OO) c o n t a i n electron 
dense bod ies (p ro te inspheres ,V ) a n d vacuoles(Va) 
of i r regular n a t u r e . 
Fig.11 - E lect ron m i c r o g r a p h showing the s t ructure of o o p i -
a s m ( O O ) , consist of e lect ron dense b o d i e s ( V ) a n d 
v a c u o l e s ( V a ) . M , mi tochondr ia . 

Fig.12 - E lectron m ic rog raph showing the long i tud ina l section of y o u n g 
o v a r i o l e ( O v l ) .The fo l l icu lar epithelial ce l ls (F ) are co lumnar m o n o -
n u c l e a t e . The b o u n d a r i e s connected with the nutrit ive cords 
in the g e r m a r i u m for the t ransfer of n u t r i e n t s to the d e v e -
lop ing b o c y t e ( n o t clearly shown) . Pedicel ( Pd ) connect ing the 
open ing o( t he o v a r i o l e with lateral o v i d u c t . 
M, m i t o c h o n d r i a . 
F i g . 1 3 - E lect ron m i c r o g r a p h showing the cellular s t ructures enveloping 
the m a t u r i n g oocyte (0) with in the ovar io le .The oocyte wi th in 
an ep i the l ia l layer of fol l ic le cel ls(Ep)^rest on thick b a s e m e n t 
m e m b r a n e (BM). The apical su r face of follicle cells o p e n into 
o o l e m m a ( O L ) . At this s t a g e the v i te l legenesis begins with the 
g r o w t h of m i c r o v i l l i (Mv , a r rows) b e t w e e n t h e o o c y t e a n d 
fol l icular cells . N u m e r o u s p inocyt ic yolk spheres pinches off 
as c o a t e d ves ic les (Ve) c o n t a i n i n g secret ion , at the perephery 
o f oocyte . IS, i n t e r c e l l u l a r s p a c e s ; M , m i t o c h o n d r i a 
N, n u d e us . 

Fig. 14 - Electron micrograph showing the structure 
of oolemma (OL) around the developing 
oocyte. Microvilli (arrow heads) and 
coated vesicles (VS) containing secretion 
is present. F, follicular epithelium; 00/ 
ooplasm. 
Fig. 15 - Electron micrograph showing the massive 
nutritive cords (NC). These tubular like 
structures acts as bridge between the 
nurse cells (NrCl) in tropharium. The 
free ribosomes (Rb) are abundantly 
present. 

Fig. 16 - Electron micrograph showing the nucleus 
(N) of young oocyte (O), with nuleolus 
(nu) and nuclear envelope (NE). Vitella-
line membrane (Vm) is laid down. The 
oolemma (OL) and follicular tissues get 
reduced. Basement membrane (BM) is present 
in form of thin lining. Mitochondria (M), 
Golgi complex (GC) and free ribosomes (Rb) 
is present abudantly. 
Fig. 17 - Electron micrograph showing the degenerated 
cells of germinal epithelium (GEp) of 
mature ovariole. A thin basement membrane 
(BM) is present. N, nucleus; nu, nucleolus; 
NE/ nuclear envelope. 
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Fig. 18 - Electron micrograph showing trophic 
chamber. The chamber containing the 
degenerated trophic nuclei (tn). 
Mitochondria (M)/ and free riboscmes 
(Rb) are abundant. 
Fig. 19 - Electron micrograph showing the 
transverse section of vagina/ and 
the colleterial gland (arrow heads) 
is attached with vagina. Lumen (Lu) 
is very narrow surrounded by thick 
intimal (int) lining. The epithelium 
(Ep) is glandular in nature surrounded 
by strong musculature consisting of 
circular muscles (Cml) and longitudinal 
muscle (Lm) externally. The epithelium 
(Ep) rest on basement membrane (BM). 
Thin peritonial sheath (PSh) surrounds 
whole of thestructure. Numerous vacuoles 
(Va) is present near thebasement membrane, 
N, nucleus. 
^ Lml PSh 
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Fig. 20 - Electron micrograph showing structure 
of epithelium (Ep) of vagina. The cyt-
oplasm of epithelial cells contain few 
cell organelles, Golgi complex (GC), 
and free ribosomes (Rb). V, vacuoles; 
Cml, circular muscles;Lu, lumen ; Int, 
intima, 
Fig. 21 - Electron micrograph showing the'magni-
fied cellular structures of vagina. 
Lml, longitudinal muscles layer; 
Cml, circular muscles layer; PSH, 
peritonial sheath; BM,basement 
membrane; Va, vacuoles; Int, intima. 

Fig. 22 - Electron micrograph showing magnified 
area of epithelium of vagina containing 
mitochondria (M) and Golgicomplex (GC) 
adjoining the intima (Int). Microtubles 
(mti) are also present. Lumen (Lu) is 
quite spaceous accoiraio^ating a number of 
sperm bundles (Sp.i) 
Fig. 23 - Electron micrograph showing the portion 
of spermathaeca. Intimal lining (Int) 
very thick. The lumen (Lu) quite spaceous 
to accanmodate number of sperm bundles (Sp), 
Glandular epithelium (Ep) rest on a 
basement membrane (BM). Lumen containing 
secretion (Sr). 
22 
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Fig. 24 - Electron micrograph showing magnified 
area of glandular epithelium of 
spermatheca containing few cell 
organelles, the clustered mitochondria 
(M). Microtubules (mt) abundant near 
the intimal lining (Int). 
A number of sperm bundles (Sp) is 
present in lumen (Lu). Each bundle is 
bounded externally by a thick sperm-
bundle sheath (SSh). Sperm cell is 
surrounded by cell membrane (arrow). The 
chromosomal material or chromosomal core 
(ChcJ is surrounded by microtubules. 
Fig. 25 - Electron micrograph showing the structure 
of colleterial (Cogl) gland. Cytoplasm 
of the gland containing free ribosomes 
(Rb) of uniform distribution with vecuoles 
(Va) and vesicles containing (VS) secretion, 

Fig. 26 - Male reproductive system 
Fig. 27 - L.S. of testis. 
Fig. 28 - T.S. of Testis, 
Fig. 29 - L.S. of accessory gland. 
AcGl, Accessory gland; ApCl, Apical cell; BS, Bundle 
Sheath; sEp, Syncytial epithelium; Sp, Sperm bundle; 
Spg, Spermatogonia; spz, Spermatozoa; Sr, Secretion. 
11'. Spc, zone of spermatocytes 
IIZ Mat. Red., Zone of Maturation and Reduction 
IIIZ Trans., Zone of Transformation. 
Fig .29 Fig.28 Fig.27 
Fig. 30 - Electron micrograph showing the tranverse 
section of two sperm bundles. Two-and-a-
half rings of microtubules (mt) surrounded 
the chromosomal core (Che). Sp, sperm 
bundle; SSh, sperm bundle sheath. 
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S u m m a r y 
R e p r o d u c t i v e S y s t e m 
In the present study efforts have been made to provide 
a detailed picture of both the reproductive systems of 
Saccharicoccus sacchari. Ultrastructural studies of female 
reproductive system has been carried out to fill the lacunae 
in the overall knowledge about the functional anatomy of the 
female reproductive organs. Light microscopy of male reproductive 
organs is also carried out. 
(A) Female reproductive system :-
The female reproductive system of S. sacchari consists 
of a pair of ovary, lateral oviducts, common oviduct, vagina, 
spermatheca and three colleterial glands. 
Ovary is voluminous and occupy major portion of the body. 
Each ovary consiGts of hundreds of ovarioles. The ovarioles are 
acrotrophic in nature and opens independently into the lateral 
oviduct of its respective side through pedicel. 
Histologically mature ovariole can be divided into two 
zones the small apical zone, the germarium and the 
larger basal zone, the vitellarium.Ultrastructural studies 
reveals that in young ovariole the two zones &re not clearly 
demarcated. 
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In S. sacchari each ovariole consists of one germ cell 
cluster. Out of 4 germ cells one is transformed into an oocyte 
proper and the remaining three become nurse cells. Each ovariole 
is acrotrophic type in which the trophocytes are connected with 
oocyte by means of long protoplasmic nutritive cords. All nurse 
cells open into a common area, the central (trophic) core. The 
same central core connects the oocyte via thin nutritive cord. 
The latter supply nutrients to the developing oocyte. 
At the onset of vitellogenesis, a brush border of microvilli 
appears in oolemma. 
In S. sacchari vitellogenesis is complied in two stages 
first/ the substances presumably protein, in the space 
around oocyte become concentrated at the surface of oolemma. 
There seems to be active transport of protein at this stage. 
Ooplasm contains a number of electron dense opaque vacuoles 
which are proteinacious in nature. At later stage the brush 
border of microvilli becomes pronounced and numerous pinocytic 
coated vesicles or pits pinch off the follicular epithelium. 
These coated vesicles containing protein, coalesce to form large 
deposits of protein. In S. sacchari the protein yolk is formed 
withi6.. ooplasm. Vitelline membrane is laid down at the end of 
vitellogenesis. 
The two lateral oviducts on either sides rise upwards and 
converge posteriorly to form a common oviduct whose distal 
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portion becomes distended to function as vagina. 
The vagina" has glandular epithelium with a narrow lumen 
and is internally coated with a thick intimal lining. Electron 
micrographs reveal that epithelial cells are without any definite 
plan having variously shaped nuclei. Vacuoles are abundant'near 
the infoldings of basement membrane. Powerful muscular layers 
are conspicuous. Microtubules are also present near the intimal 
1ining . 
The spermatheca is a single, unpaired structure attached 
to the dorsal wall of the vagina. Epithelium is glandular in 
nature. Number of cell organelles are present in epithelium. 
The lumen of spermatheca is quite spacious to accommodate 
a large number of sperms. 
There are three colleterial glands, one attached ventrally 
and two laterally to the vagina. The glands secrete cottony 
material which forms the ovisac. 
(B) Male reproductive system 
The male reproductive system consists of a pair of testes, 
vas deferens, accessory gland and ejaculatory duct. 
Each testis is creamyvhite oblong structure which tapers 
anteriorly and occupy the greater part of the body cavity and 
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extend even into the metathoracic region. The entire testis 
constitute a single sperm follicle . The length of each testis 
ranges from 0.874 to 0.907 mm (ave. 0.891). 
Histologically the testis can be divided into a number 
of zones, viz., germarium, zone of spermatocYtes,zone of maturation 
and reduction and zone of transformation. 
The sperms in S. sacchari is fairly long filamentous 
structure, tapering in 'zig-zag' fashion at the distal end. The 
length of a single sperm varies from 0.793 to 0.858 mm with the 
average of 0.826 mm. The tail end is uniformfy broad. The sperms 
are arranged in bundles, surrounded by a sperm bundle sheath. 
The sperm lacks flagellum, mitochondria an3 nuclear envelope 
and is reduced to a membrane limited cylinder containing chromo-
somal material surroundedtytwo-and-a-half rings of microtubules. 
Each sperm bundle has 16 sperm cells in it. 
Testis from its inner margin gives out a duct called vas 
deferens. It is short tube leading to accessory gland. 
The sac like accessory gland connect the testis and ejacu-
latory duct. Epithelium of the accessory gland is syncytial in 
nature having scattered nuclei under no definite plan. Muscular 
layer is wanting. The tubular ejaculatory duct leads to the 
associated copulatory apparatus. 
BIOLOGY 
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iiology of Saccharicoccus sacchari Ckll* 
I n t r o d u c t i o n 
Pink sugarcane mealybug^ Saccharicoccus sacchari Ckll. 
is one of the most widely distributed pest of sugarcane in 
India and other cane producing countries of the world. This mealy 
bug is usually found in dense colonies around the nodes under 
the leaf-sheaths• Infestation causes thinner and stunted crop. 
The most serious loss, however; occurs from the industrial point 
of view, as the hor^dew excreted by the mealy bug on the cane 
surface together with the exudation of gums from the parts wounded 
by the piercing mouthparts of the insects interfere with the raw 
sugar leading to the depletion in the amount of sugar crystallized 
during the manufacturing process (Willcock, 1925). Pemberton 
(1960) is of the opinion that this insect serves as a vector of 
virus diseases of sugarcane. Continued cropping over a period of 
years without intercrop or rotation builds up the population of 
mealybugs (Stahl & Scaramuzza, 1929). 
/ 
The present work is an attempt to throw light on certain 
aspects of the biology of pink sugarcane meal^^^ug, which is likely 
to provide access to vulnerable links in the life-history of this 
pest. These informations can effectivelybe used as tool in evalua-
tion of control measures against the pest. 
The earlier references gave some informations on the 
biology of this pest as recorded by Swezey (1913) in Hawaii; 
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Uichanco & Villanueva (1932) in Philippines; Beardsley (1962b) 
in Hawaii; Williams (1971). In India, Puttarudriah (1954) 
and Yadava (1971) have published some notes on immature st>ages 
of this mealy bug besides providing information on its morphology, 
There are, however, contradictions and differences of opinion 
on various important aspects in the findings of earlier workers. 
It was therefore considered appropriate to have a fresh look* 
and re-examination of various phases of fciology of pink sugar-
cane mealybug^ Saccharicoccus sacchari. 
Geographical distribution 
From the persisting literature (Fernald, 1903; Holloway, 
1912; Bodkin, 1913; Gorkum, 1913; Jones, 1913; Wolcott, 1913; 
Ehrhorn, 1914; Fletcher, 1917; Uichanco and Villanueva, 1932; 
Ferris, 1937-1955; Ayyar, 1941; Puttarudriah, 1954; Ali, 1958; 
Williams et 1969; LePelley, 1969; Williams, 1970), repre-
senting all the biological regions of the world except Nearctic 
region (Fig.31). In India, _S. sacchari is reported from almost 
all the cane growing areas (Ayyar, 1941) (Fig.32), butinUttar 
Pradesh its distribution is confined mainly in Gangetic Plain, 
especially in Western part of the state (Fig.33). Wocld wide 
distribution of sacchari as recorded in the literature is 
given below. This has special reference to India 
and the State of Uttar Pradesh where the present study has 
carried out. 
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World wide Distribution 
Region 
Palearctic Region 
Ethiopian Region 
Oriental Region 
Neotrophical Region 
Oceanic Islands 
Countries 
Spain, Egypt. 
Ghana, Kenya, Malawi, Mozambique, 
Somalia, Tanzania, Uganda, Zimbabwe, 
S. Africa, Tonga. 
India, Israel, Japan, Java, Malayasia, 
Pakistan, Sarawak, Sri Lanka, Taiwan. 
Argentina, Barbados, Bolivia, Bhamas, 
Brazil, Costa Rica, El Salvador, 
Ecuador, Guatemala, Guyana, Grenada, 
Honduras, Jmaica, Nicaragua, Mexico, 
Panama, Paraguay, Peru, Porto Rico, 
Surinam, Trinidad. 
Fiji, Madagaskar, New Caledonia, 
New Guinea, Philippines^Samoa. 
Distribution in India 
State Andhra Pradesh, Bihar, Haryana, 
Karnataka, Kerala, Maharashtra, Orissa, 
Punjab, Tamil Nadu, Uttar Pradesh. 
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Distribution in Uttar Pradesh 
District : Agra, Aligarh, Allahabad, Azamgarh, Bahraich, 
Ballia, Barabanki, Bareilly, Basti, Bijnor, 
Budaun, Bulandshahr, Deoria, Etah, Faizabad, 
Farrukhabad, Ghaziabad, Gonda, Gorkhpur, 
Hardoi, Jaunpur, Kanpur^Cakhimpur-Kheri, 
Lucknow, Mathura, Meerut, Moradabad, Muzaffar 
Nagar, Nainital, .Pilibhit, Rampur, Shahjahan-
pur, Sitapur,Unnao, Varanasi. 
Materials and Methods 
The adults of sacchari, were collected from infested 
cane field (Fig.34, representing the cane variety Co 1148, 3rd 
ratoon, 11 months old) from Aligarh district. Laboratory culture 
of the mealy bug was maintained on the cut sections of sugarcane 
with nodes intact. Under laboratory conditions it was found that 
with proper preparation, excised sections of sugarcane could 
support mealy bug colonies for six weeks or even longer, thus 
providing sufficient time for completion of the life-cycle of 
mealybug. Two types of culture were used during the present 
investigation, mass culture and individual culture. However, 
difficulty 
considerable/was experienced in maintaining both the cultures in 
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laboratory. The problem was more acute in respect of the first 
instar crawlers because of theii^restless nature. In the first 
attempt the setts were wrapped with fine polyethylene (polythene) 
bag to confine thecrawlers within the bag. But this method proved 
unsatisfactory, as thecrawlers failed to settle on the cane setts 
and got trapped within the folding^ of the polyjhylene bags. • 
In another experiment, the cut pieces of the cane stem 
containing two or three internodes and of lengths suitable for 
convenient confinement in breeding jars, were used (approx.length 
of cane pieces was 6"). The leaf-sheaths were removed by cutting 
leaving only short stubs where they joined the stem to serve as 
hiding places for the mealy bug. The newly hatched crawlers were 
transferred by means of a fine Camel's hair brush into these 
prepared cane setts which were then placed in circular rearing jars 
(8"x4"). For keeping the pieces fresh for a longer time, the cut 
end of cane piece was sealed off with a thin layer of paraffin 
wax to check desiccation. The jar was filled with water to 
a depth of V and open end of jar was covered with muslin cloth 
to prevent theCrawlers from escaping and also to avoid external 
invasion. This method proved quite satisfactory. 
For proper establishment of the culture, selection of cane 
pieces of proper age and condition are key factors. The lower 
older portion of mature stalks are unsuitable for establishment 
of mealy bug colony as the young crawlers fail to feed on 
it, perhaps because of their inability to penetrate 
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the hard epidermis of cane. Therefore, only succulent portions 
of cane stalk were selcted for feeding thecrawlers, Cane sets 
lying between two extremes were selected. Only three or four 
pieces could be obtained from each cane stalk so selected. 
The cane sections were replaced at an interval of 5 to 8 days 
to ensure proper healthy supply of food for developing insects. 
Breeding jars were kept in a B.O.D. cabinet adjusted at 
26 + 1°C with R.H. 65 + 5%. Observations were made at interval 
of 24 hours. The methods employed for determining the type of 
reproduction, longevity, sex-ratios have been given at appropriate 
places in the text. 
For studying the gross morphology of adults and different 
instars, balsom mounts were prepared and drawings were made 
using camera lucida. 
R e s u l t s 
Habits of the Adults 
(A) Adult female and its habit (Fig. 38,D) :- Body of adult 
female is uniformly light pink. Adult female is sluggish and 
remain fixed on to the feeding Spot. The body and appendages 
are conspicuously covered with farinose waxy coating throughout 
the body length, the dorsal side being more thickly coated than 
the ventral side. The body is hemiellipsoidal, flat ventrally 
and convex dorsally. The body length varies from 3.5 to 5.05 mm 
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(ave. 45+0.87) and width 1.72 - 2.55 mm (ave. 2.34 + 0.046). 
The adult resembles with the preceeding instars but differs 
in body size. The body is not clearly divisible into head/ 
thorax andcbdomen due to sclerite degeneration. The posterior 
part of the head is indistinguishably merged with the protho-
racic region. The absence of definite neck is an important 
feature of S. sacchari which is also shared by other 
Pseudococcids. 
The head bears a pair of small eyes, a pair of 7 segmented 
antennae andwell developed mouthparts. Thorax bears three pairs 
of some what darker legs suitable for locomotion, the fore 
legs are shorter than the raid and hind legs. The female lacks 
flight apparatus and other related structures. Two pair of 
spiracles are located ventraily. 
Abdomen is 9 segmented but only 8 segments are distinctly 
marked. The ninth abdominal segment is incorporated with the 
narrow membranous area around the anal ring located on the 
eight segment. A weak sclerotized round ring structure is 
present within the anal ring. The anus open at the centre of 
of anal ring. The ring bears six (three each on right and 
left half) long sharply pointed setae. A distinctive quite 
large chitinous "circulous ring" is present in between the 
third and fourthsegments on the ventral side of the body. 
The circulous ring is "dumb-bell" shaped, which is the 
characteristic feature of this mealy bug. 
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The fully grown adult females are present on the stem 
node in aggregation (Fig.35) hide themselves in spaces between 
the leaf-sheath and stem nodes. This shows that insects n^ed 
an appropriate site having favourable microclimatic conditions. 
Their existence under the leaf sheath as well as on the more 
shady zones suggest a photonegative mode of life. During the 
present investigation it has been observed that when adult 
female is suddenly exposed to direct sunlight or artificial 
light, it raises the posterior portion of her abdomen at an 
angle of 45°. Simultaneously it releases droplets of colour-
less liquid, honeydew. When adult female is excited with camel's 
hair brush, it exhibits the same posture with therelease of 
honeydew. These droplets harden rapidly on exposure to the 
air, thus fouling the mouth parts of an attacking predator. 
The whole mechanism seems to be of defensive nature. 
From April to September, the population of the pest is 
markedly reduced in the field. The main reason behind this 
is non availability of sugarcane of suitable age. From 
October to early April pest population increases manifold 
and reaches to maxima in December-January. Thereafter, their 
number decreases so much so that they remain unnoticed until 
the next season. Under controlled condition, however, the 
mealybug continues to breed, indicating absence of diapause 
in the life cycle of S. sacchari. 
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(A) Adult male and its habit (Fig. 39,C):- The adult ffiale, 
S. sacchari is either a two winged or wingless creature. 
The general body colour of the male is pinkish-brown with 
white membranous wings, wherever, appropriate. This tiny 
creature measures about 1.12-1.37 mm (ave. 1,23 + 0.058) 
in length and 0.30 - 0.32 mm (ave. 0.31 + 0.004) in width. 
The body is clearly divisible into three regions 
head, thorax, and abdomen. The head is marked off from rest 
of the body by a constriction and carries a pair of ten 
segmented antennae, two pairs of accessory eyes and one pair 
of primary eyes. The mouth parts ar-e atrophied. The thorax 
consists of three regions, the pro-, meso-, and metathorax. 
The prothorax is soft and ill developed whereas, the mesothorax 
and metathorax are quite large heavily chitinised and carry 
shield shaped pieces. A pair of white membranous forewings 
is present along with the halteres. Wing's are folded back-
wardly one over the other at the time of rest and also 
during locomotion. The wings are roughly oval in shape. The 
venation is reduced. Halteres arise as projections from the 
margins of the metathorax in the form of broad knobs with 
slender stalks. The two pairs of thoracic spiracles are 
present ventrally. The three pairs of legs are well developed 
and much more elongated in comparison with those of females. 
The third and most important region of the body is 
abdomen, soft and 9 sagmented. Posterior most portion of the 
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abdomen bears male copulatory appendage/ aedeagus, on 
either sides of which lie two long caudal filaments. 
Wingless male (Fig. 39,D) differs from winged counter 
part in the following respects , 
1. Body size. It measures about 0.652 - 0.901 mm 
(ave. 0.762 + 0.16) in length and 0.241 - 0.292 mm (ave. 
0.264 + 0.008) in width. 
2. Body not clearly divisible into head, thorax, 
and abdomen due to scleretic degeneration. 
3. Head bears 7 or 8 segmented antennae. 
, 4. Absence of compound eyes. 
5. Dorsally a chitinised thoracic shield is absent. 
Thorax is soft and not clearly demarcated into n'-o-, meso-, 
and meta thorax. Winghs and halteres are altogether wanting. 
Spiracles located ventrally. 
6. Legs are similar to those of winged male, well 
developed, slender, long and suited for locomotion. Hind legs 
are large while the fore and middle legs are nearly equal in 
length. Abdomen is largely membranous. The genital segment 
and external genitalia resemble closely to those of winged 
male. 
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Winged male is not an active flier, but can take to 
wings for a short distance only. Male just after emergence 
remains in pupal case in quiescent stage for a brief period. 
Winged males are attracted towards light. 
Reproduction in Saccharicoccus sacchari 
Swezey (1913) on the basis of his findings in Hawaii 
reports that the eggs are laid in an advanced stage of develop-
ment and that they hatch out within a few minutes after leaving 
the body of female. Egg laying goes on for several days. The 
interval between successive eggs is so evenly balanced that 
the previously laid ones almost completely hatchout before 
the deposition of next batch, thus there may not remain more 
than one or two unhatched eggs under the body of female,at 
one time. The nymphs congregate for short period under the 
abdomen of mother before crawling away to locate a suitable 
feeding place near her. This apparent emergence of the young 
has lead to the idea that young ones are born and not hatched. 
But a close observation reveals that eggs are laid first from 
which young crawlers hatch out within a brief period. While 
hatching out, thedelicate egg shell or membrane is rupttir'ed 
from the front, and young bug crawls out by the squirting of 
the body until free from the egg as is the case in an insect 
moulting, 
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Uichanco and Villanueva (1932) stated that S. sacchari 
in Philippines reproduce either bisexually or parthenogeneti-
cally, but parthenogenesis appeared to be normal mode of 
reproduction. These authors further correlate parthenogenesis 
and ovoviviparity as they term the normal habit of this species 
to deposit fully developed embryos (vermiform larvae) which 
emerge from the chorion usually within few minutes of the 
deposition of egg. Beardsley (1962b) reported that Hawaiian 
race of _S. sacchari is not parthenogenetic, the "ovoviviparous" 
habit of deposition of fully developed embryos is the normal 
occurrence in mated females. It seems that differences in mode 
of reproduction of Hawaiian and Phillippine's races of _S. 
sacchari is due to the environmental conditions of these two 
countries. 
Rao (1942) reported amphigony and parthenogenesis in 
Pseudococcus saccharicola. In the present study it was found 
that S. sacchari in India also reproduce parthenogenetically 
accompanied with ovoviviparity. For confirmation fifteen female 
nymphs were chosen from the culture andreared individually 
in isolation on cane nodes without the introduction of male. 
After attaining full maturity female started oviposition. 
Newly laid eggs hatched out within a short duration ranging 
from 15 to 20 minutes with an average of 16.25 + 2.16, The 
newly hatched crawlers confine themselves under the abdomen 
of female. Only close observaions made it possible to ascertain 
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the incubation period. This experiment was repeated several 
times. At no stage male was allowed in the culture. It 
indicates that Indian race of S. sacchari reproduce 
parthenogenetically besides sexual multiplication. The 
parthenogenesis is mainly thelytokous, the female producing. 
Low number of males also suggest that the bug reproduce 
parthenogenetically. 
Parthenogenesis is accompanied with ovoviviparity in 
Indian race. When the dissection of the gravid female was made,it 
was noticed that quite good number of developed embryos were 
present in ovarioles as well as in the lateral oviducts. The 
majority of fully developed embryos in ovoviviparous mother 
were found located in the ovarioles where the access of 
spermatozoa is a remote possibility as the latter are discharged 
through the mouth of the spermatheca into the vaginal cavity. 
This throws further light on the ovoviviparous nature of 
reproduction in sacchari. The present investigation confirms 
that the Indian race of this mealy bug reproduce parthenogene-
tically, accompanied with ovoviviparity. 
O v i p o s i t i o n 
Eggs are deposited by the gravid female in midst of 
cottony covering under the abdomen. The eggs are laid at 
short interval of about five minutes. The eggs remain attached 
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end to end so as to form a continuous chain but can be 
separated easily from one another. During the period of 
egg laying female fixes herself firmly to the stem. At this 
stage female stops feeding. As the oviposifion progresses 
the female shrinks in size and exhausts herself to death. 
The number of eggs deposited by a female varies from 109.0 to 
459.0 eggs in controlled conditions with an average of 306.9 
+ 30.95 eggs per female . Each female lays approximately 30 
eggs per day. The pre-oviposition, oviposition, and post-
oviposition periods were found to vary from 8.00 - 12.00; 
11.00 - 14.00 and 1.00 - 3.00 days,respectively with an 
average of 9.6 + 0.35; 12.8 + 0.36 and 1.5 + 0.21 days 
(Table, 1; Fig. 42,A). 
An attempt was made to correlate the fecundity in 
relation to body length. It has been found that larger females 
produced more eggs than smaller females. The coefficient 
correlation (r = +0.91) between female size and fecundity is 
significant as (P<0.001) (Fig. 42,B). 
Pre-Imaginal Stages 
Egg Stage :- The eggs are creamy white elongate subellipsoidal 
cylindrical smooth with both ends rounded. The chorion is 
thin and very delicate rupturing even under slight pressure. 
Each egg measures 0.37 mm in length and 0.19 mm in width. 
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Just before eclosion the eggs become slightly broader at 
its anterior end and narrower at posterior end and two 
black eyes could be seen through the chorion at the anterior 
end. The incubation period is very short andranges from 15 
to 20 minutes with an average of 16.25 + 2.16 minutes, 
Eclosion is often quite fast and mostly coloured crawlers 
are noticed under the abdomen of mother. 
Female producing larva 
First stage larva (Fig. 38,A) :- The newly hatched larva 
is yellowish shining creature. Later on colour of the body 
becomes pink. It is somewhat flattened with just slight 
dorsal convexity. It measures about 0.50-0.62mm (ave. 0.599 + 
0.007) in length and 0.15 - 0.21 mm (ave. 0.215+ o.oo4 in 
width. The body is broad anteriorly which gradually tapers 
posteriorly. It resembles with the adult except the body 
size and behaviour. It possesses a pair of 6 segmented 
atnennae, a pair of simple eyes and an invaginated anal 
ring at its posterior end. Thorax possesses 3 pairs of well 
developed legs. Tube liJ^e bristle fascicle reaches upto . 
the posterior end of body. The duration of first instar 
larva varies from 5.00 to 7.00 days (Ave. 6.4 + 0.37). 
Table, 1; Fig. 40). 
The newly hatched crawlers confine themselves underneath 
the mother before crawling away to locate a feeding spot. In 
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this way the adult female exhibits parental care, an uncommon 
phenomenon in insects. These restless crawlers move quite 
fast on to the stem in search of suitable feeding spot. As 
soon as they get a suitable feeding place they stop their up 
and down movement and insert the beak into the stem and start 
sucking the juice. Generally these tiny crawlers prefer, soft 
and succulant part of cane stalk. Like adults they are 
gregarious in habit (Fig. 36, 37). These crawlers prefer the 
spot in between leaf-sheath and stem node because the place 
is quite suitable forderiving sap besides providing a protec-
tive covering and firm anchorage. The crawlers when exposed 
to strong light show rythmic movement of the abdomen before 
withdrawing the beak and moving away from the original feeding 
spot. Under strong wind current thecrawlers can be blown away 
to other parts. Dispersal can also be affected when irritated 
by attending ants. Generally, it is found that these crawlers 
are responsible for the wider dispersal of insects. During 
the present study, a careful examination of clothing of field 
labourers revealed that quite good number of crawlers were 
present on the clothings at the harvesting time. But their 
survival chances are very low, if they fail to locate a 
suitable host. In another observation it was found that in 
one field the infestation was severe on the margin near the 
track which was used by workers for transportation of harvested 
canes. According to Williams (1970) number of crawlers of 
Aulacaspis tegalensis, are scattered along cane tracks 
during the transport of infested canes to the factory. 
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The sex of larva can not be distinguished at this stage. 
Second stage larva (Fig. 38/B) :- The second stage larva 
resembles with the first instar except body length, and 
width, The body measures about 0.73 - 0.86 mm with average 
of 0,814 + 0.10 in length and 0.24 - 0.39 with an average of 
0.33 + 0.008 mm in width.Antennae have the same number of 
segments except that they are enlarged. The length of bristle 
fascicle is shorter than those of the preceeding one. The 
whole body is covered over by a thin mealy covering. As the 
larvae grows larger, the space under the leaf sheath becomes 
insufficient for thegregarious larvae and they tend to move 
to another place, the male andfemale sex can be distinguished 
at this stage. The duration of second stage larvae varies 
from 8 to 10 days the average being 9.2 + 0.24 (Table, 1 ) 
Fig. 40). The second stage larvae can also be easily dispersed 
bywind and by other methods. 
Third stage larva (Fig. 38,C) :- The third stage larva 
broadlyresembles with the preceeding instar in body form 
and colour. It measures about 1.12 - 1.54 mm (ave. 1,30 
0-053) in length and 0.48 - 0.65 mm (ave. 0.58 + 0.02) in 
width. The antennae are markedly increased in size. The 
bristle fascicle reaches upto the metathoracic region, the 
circulous becomes more conspicuous. The genital opening 
becomes pronounced and the anal ring bears 6 sharply pointed 
setae 3 on either sides of the ring. There is copious secretion 
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of honeydew at this stage. The duration of this stage lasts 
about 9-12 dys with an average of 11.1 + 0.48 days (Table,1; 
Fig. 40). 
Male producing larva 
The male producing second stage larvae descend down 
the stem and pupate on the muslincloth of the breeding jar 
and even on the wall of the jar, while the female producing 
ones continue feeding on the cane setts. The male producing 
larvae stop feeding at the end of the second stadium and 
pass on to the third and fourth instars, i . e. , prepiipa arid 
pupa,respectively within a loose cocoon of fine waxy filaments, 
When the ^ exuviae of these instars were examined they were 
without functional mouthparts which indicates that these 
stages are non-feeding. 
Pre-pupa (Fig. 39,A) :- The prepupa is pink in colour with 
its elongate and somewhat cylindrical body. The motionless 
antennae are postered sidewise. The prepupa is soft and 
lie quiescent in the filmy pupal case, made up of fine waxy 
filaments. It measures 0.93 - 0.98 mm (ave. 0.95 + 0.015) 
in length and 0.27 - 0.31 mm (ave. 0.28 0.018) in width. 
The stylets and greater part of the framework of mouth parts 
have been shed off during the preceeding ecdysis but the 
rudiments of partly damaged rostrum isstill retained. 
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In the thorax, large wingbuds, soft, weak and moderately 
long legs could be seen. Two pairs of thoracic spiracles 
are lodged ventrally. The moderately long and soft abdomen 
tapers posteriorly. A slight conical projection from the 
last abdomenal segment representing the genitalia of adult 
male, is also present. The duration of prepupal stage is 
2.00 - 3.00 days with an average of 2.7 + 0.14 days (Table, 
2;Fig.41). 
Pupa (Fig.39,B) :- The pupa is distinguished from 
prepupa" by the presence of large wingpads, elongated antennae 
and three pair of eyes. Two pair of eyes are situated 
dorsally and one ventrally while a pair of ocellanae is 
located on either sides. The constriction of head becomes 
more conspicuous. 
The pupa remains quiescent in the pupal case and 
measures 0.99 - 1.24 mm (ave. 1.16 + 0.04) in length and 
0.22 - 0.37 mm (ave. 0.32 + 0.02) in width. The wing pads are 
somewhat pale yellow, translucent and greatly extended. The 
wingpads are absent in pupa of wingless male. Spiracles are 
located ventrally. Legs are slightly longer in comparison 
to those of prepupa. The pupal stage lasts about 3.00 - 5.00 
days (ave. 4.3 + 0.25)(Table, 2} Fig. 41). 
Behaviour of pupal stages : - Under laboratory conditions 
& pupa 
the encased prepupa/exhibit identical behaviour. Both moult 
like larvae, slowly pushing back the exuviae out of the 
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pupal case through its posterior opening. The exuviae can 
be collected from behind the case. Both prepupal and pupal 
stages respond to touch and move their abdomen when stimulated 
by brush. If cocoons of these pupal stages are destroyed, ' 
they begin to reconstruct a new one. Even if the prepupa and 
pupa are taken out of the pupal case, just before moulting 
the latter remains unaffected. Food is not a limiting factor 
in the development of pupal stages. Large number of pupal stages 
enclosed in pupal case were obtained from the dried leafsheaths 
and kept under laboratory conditions. Even with complete drying 
up<^he stem the emergence remained unaffected. Piipa is enclosed 
in a more dense filmy cocoon than those of prepupa. 
Emergence of male :- After emergence the male does not 
leave the filmy waxy cocoon but stays in it for some time. 
However, at this stage if the adult is disturbed, it makes 
characteristic movement and leaves the pupal case before 
usual time. In natural conditions generally the emergence 
takes place in evening. The newly emerged male is shiny and 
light pink body colour. The antennae are directed backwardly 
and legs are somewhat transparent. The wings are transparent, 
papery held backwardly and soon assume their normal colour 
and positions. Two long filaments protrude from the posterior 
opening of the pupal case. 
The male escapes from rear end of the pupal case. After 
ensrgence the male rests for few minutes, clean its wings. 
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legS/ and antennae and then walks of slowly. 
Longevity :- The longevity of both the male and female 
was determined under laboratory conditions. The freshly 
emerged adult males were kept in beaker (3" x 2") and covered 
with muslin cloth. The insects were closely observed and the 
time of emergence and death was recorded. The insects become 
inactive preceeding to death, they lay helplessly at the 
bottom of the beaker and remain in the same condition for 
few hours. The only sign of life exhibited is slight movement 
of legs. The body becomes shrunken and the colour turns 
dark brown. The legs are curled downward leaving the substratum, 
caudal filament remain straight while wings are turned upward 
attaining a "V" shaped posture. The maximum life-span of the 
male was found 2.7 - 4.0 days with an average of 2.79 + 0.20 
days(Table , 2; Fig. 42, A). 
The female starts shrinking as the egg laying proceeds. 
The death is one of slow decadence. The life-span varies from 
20.00 to 29.00 days with an average of 24.1+ 0.66 days 
(Table, 1; Fig. 42, A). 
Sex-Ratio :- For determination of thesex-ratio, 10 gravid 
females were kept separately on slices of cane setts. On 
emergence of adults, the number of males and females in each 
petriplate were counted andremoved aft^lrTcounting. Wie number 
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of empty filmy cocoons represented the emrgence of males 
from these. The number of males and females produced from 
the eggs were 5 and 85; 5 and 60; 4 and 50; 4 and 80; 
respectively, the average being 4.5 males and 69.5 females. 
The winged and wingless males were counted as males 
(Table, 2). 
Association of Ants 
The ants have associated themselves with large number 
of polyphagous insects. The association is mainly due to the 
excretion of a palatable liquid, honeydew by these insects. 
In return, the ants render many of such insects certain 
service, and the relation thus established may be regarded 
as a kind of 'symbiosis' (Nixon, 1951; Bunzli, 1935). 
Pseudococcids and coccids in general reproduces partheno-
genetically therefore, it may be assumed that they are 
well suited for close association with ants. 
The present work has been under-taken specially on 
S. sacchari, associated with ants. Five species of ants were 
identified attending the sacchari in infested sugarcane 
fields, in the present study. The ants were identified as 
Camponotus sp. (Fig. 46) (Camelinus gp.); Camponotus 
compressus Fabr. (Fig. 43); Cremastogaster subnuda Mayr, 
(Fig.45); Prenolepis sp. (Fig. 48) and Plagiolepis sp, 
(Fig.47), of family Formicidae. The Camponotus & Cremastogaster 
spp. were found most important to the pest because they 
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not only acted as alert defenders against invading enemies 
but also may be regarded as effective agents of distribu-
tion of mealy bug crawlers. 
PseudTcoccids forcibly eject honeydew when unattended 
(Newstead, 1901 -1903) and, as far is known, do this job by 
contracting the rectum. In the present observations it was 
found that Prenolepis and Plagiolepis spp., move around 
the female mealy bug and palpates the female's abdomen with 
their antennae, this stimulates the female to extrude the 
droplets of honeydew. Prenolepis sp. has a special gorging 
mechanism they take so much amount of honeydew that the 
crop may cause the sclerites of the gaster to be so far 
forced apart that they'appear as 'islands' upon the tense 
intersegmental membranes. The individuals which exhibit 
this habit are known as 'repletes' (Wheeler, 1910). Due to 
sluggish behaviour of adult females, they normally do not 
move from their feeding spot. This habit of mealy bug 
facilitates a close association between the mealy bugs and 
ants. Camponotus compressus Fbr. ant further strengthens the 
association by making a nest around the colony of the mealy 
bug (Fig. 44). The workers of Camponotus spp. keep moving 
around the mealy bug and periodically palpate the female's 
abdomen with their antennae. If the female does not oblige 
by releasing the honeydew, the ants continue to strike the 
abdomen of the mealybugs. Ultimately whe n the honeydew drop 
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is exuded the ant extends its mandibles under the droplet 
and extracts it from the mealy bug. When the mealy bug does 
not respond favourably to the coaxing, the ant often gets 
annoyed and even bites the bug on the abdomen, before 
moving to the next mealy bug. Careful examination of the 
nest of camponotus sp. revealed that a number of crawlers as 
well the some adults were present in the nest. 
The mealy bug population increases rapidly when attended 
by the ants. These attending ants provide protection from 
natural enemies of the mealy bug and minimizes the effecti-
veness of these parasites and predators. The attending ants 
also act as 'scavangers', as the ants remove exuviae and 
sticky honeydew to make the colony 'healthier'. However/ 
no remarkable difference could be found in colonies of attended 
mealy bugs compared with unattended colonies. 
In the present work it has been found that t-he 
Cremastogaster and Camponotus spp. occasionally kill the adult 
and crawlers of s. sacchari and carry away, the dead mealy 
bugs and exuviae to their nests. It seems that these mealy bug 
colonies may provide not only honeydew but also some of the 
solid protein food for the attending ants. Coccids and other 
Homoptera may be a useful protein supplement when other 
protein foods are not readily available to the ants. 
Some ants species helpin thetransportation of several 
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Homopterans. In the present observations it has been 
observed that Cremastogaster and Camponotus spp. transport 
the crawlers and third instar nymphs of S. sacchari, from 
one plant to the other, but generally not far from the 
original spot. Reyne (1954) while recording the Pseudococcid 
genus Hippeococcus sp. from Java reported that generally 
all the known species are associated with ants of the genus 
Dolichoderus which tend them on twigs and'fruits of various 
shrubs and trees as well as in underground nests where 
mature female predominate. When the ants are distrubed the 
mealybugs cling to the body, sitting crosswise on the ant's 
back, while others are collected by the ants and are either 
placed on their bodies or carried away in their mouth parts. 
This habit of the"ant riding" by Hippeococcus sp. is appare-
ntly facilitated by their exceptionally long raptorial legs 
and flat sucker like tarsal digitules. 
It may be concluded that the mealy bugs are closely 
associated with the ants. AS these mealy bugs provide the 
honeydew which is not merely a solution 6f sugars, amino 
acids and amides. In return the'coccid guest' provides 
shelter and protection from the 'foreign invaders'. 
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Recorded Parasites and predators of Saccharicoccus sacchari. 
Efforts have been made to compile a list of parasites 
and predators of sugarcane mealy bug. The complex of parasites 
and predators of Saccharicoccus sacchari ^ "comprises 21 species 
recorded from the various parts of the world. There are 13 
species of Encyrtid parasites, two species of the family 
Signiphoridae and one each representing the family Eulophidae 
and Aphelinidae of the order Hymenoptera. The predators are 
3 species of beetles (Coccinellidae) and one species belonging 
to the family Tingidae ( Heteroptera),. 
Parasites of Saccharicoccus sacchari. 
Name of parasites Family Order 
Scelioencyrtus indicus Encyrtidae Hymenoptera 
Shafee et al. 
Xahthdehcyrtus longiclavatus 
Shafee et dl. 
Rhopus desentisiellus 
Ghesquieve 
Hamusencyrtus myrmicoides 
Subba Rao & Kaur 
Paraphaeodiscus sp. 
Anagyrus swezeyi 
Bhutani 
Anagyrus saccharicola - -
Timberlake 
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Astymachus japonicus 
Howard 
Cladiscodes sacchari 
Subba Rao 
xanthoencyrtus comperei 
Subba Rao 
Anagyrus aligarhensis 
Agarwal 
Anagyrus punctulatus 
A.garwal 
Leptomastidea abnormis 
Girault 
Thysanus ranae 
Subba Rao 
Chartocerus (Signiphorina) 
fimbriae Hayat 
Tetrastichus pyrillae 
Crawford 
Coccophagus citri 
Agarwal 
Encyrtidae Hymenoptera 
Signiphoridae 
Eulophidae 
Aphelinidae 
Predators of Saccharicoccus sacchari 
Hyperaspis mandroni 
Nephus sp. 
Rodalia amabilis 
Coccinellidae Coleoptera 
Abdastartus atrus Tingidae Heteroptera 
m Q; en ro XJ 
r—1 m 4J C (U e a o • .-1 (U 0) > (D 
B -D Q) 4-1 U •H C • O .H >i i-H ij XI o 
B 0) •H 
ra 
m JZ 
o U 
a u (0 TD CQ c 
(0 to D 
<D u 
u u 
a. 0 u W-l •H o u ro c x; o u -H u 4-) ro 03 C/3 
U P M-l a o 
XI 
(0 
EH 
W 1X1 00 in in rH X3 "X) w r-l ro CM r- m ro cr> ,CM X) CX3 
• • • • • • • • • • 
+ 1 CM O o O o o O o O o O + 1 + 1 + 1 + 1 + 1 f 1 + 1 ro + 1 -f-l + 1 c un + 1 ro CM CM in X) CX3 cr> in I—( o 
(D • • • • • • • • f t • s IX) VO (Ti IT) CTi CM 1—1 o t—1 rH CM tH o ro CM in 
to >1 (0 Q 
c o 
(D ^ 
3 Q 
6 D 
E •H X (0 
s. 
B D 
B -H C •H s 
(0 0) cn (0 j-> 
w 
o o 
o t^  CM 
O O 
LD in 
o o o O O o o O O 
• • • • • • • CM ro CTi CO CM 1—1 1—1 in CM in 
o o o O o o O o O 
• • t • • « • CM CO <—1 o 1—1 o CM CM rH <Ti iH CM 
^ to 0) to iJ ij D ro TJ • C 4J O S-I •rH to O Q) •H 0 
B c •H r-H V4 t) u 
— ' •H VJ 0 ro B (U a (1) 4-> u Q) 
TJ It-I a o G) (U 
O o •H UH c r-H •o •H c \ o Q. U VJ c o Q) to •H E ro 0) o •H a cn 4J o 
a. ro •H 4-1 •H CJ c ro jj ro •H c <u to ro 
c to 4-> ro to 0 o Q) 4J 
o to c to VJ o •H D. >1 I-H in •H c •H c p a 4J o •H 4J u 4-1 •H •H T3 •H •H > •H ro TD > to VJ o > U I  X! 4J C TJ iH o o tu 1 Q) 1 p to O S-i ro 1 Ch X! 4-) C71 (U • u VJ U •H 4-) •iH e to C w c •H 0) x: o V4 > a o O •H • 
in EH 04 o 2 a. J in 
Table, 2 - Duration of different developmental stages 
of Saccharicoccus sacchari Ckll,, male 
Stages 
Duration in Days 
Minimum Maximum Mean + S.E, 
First instar 2.0 8.0 5.4+0.63 
Second instar 8.0 10.0 8.8+0.24 
Pre-pupal stage 2.0 3.0 2.7+0.14 
Pupal stage 3.0 5.0 4.3+0.25 
Longevity 2.70 4.0 2.79+0.20 
Life-cycle completed 17.0 25.0 21.2+0.82 
Male Female 
Sex-Ratio . 4.5 + 0.74 69.5 + 5. 
(6.07%) (93.79%) 
S.E. = Standard error 
Fig. 31 - Worldwide geogrophical distribution of 
Saccharicoccus sacchari. 
GEOGRAPHICAL DISTRIBUTION Of SACCHARICOCCUS CKLL 
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Fig. 32 - Geogrophical distribution of Saccharicoccus 
sacchari in India. 
Fig. 33 - Geogrophical distribution of Saccharicoccus 
sacchari in Uttar Pradesh. 
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Fig. 34 - Infested cane field representing the 
cane variety Co 1148, category, 3rd 
ratoon and age, 11 months old crop. 
Fig. 35 - Aggregation of adult female S. sacchari 
on cane node. 

Fig. 36 - Aggregation of developing stages of 
S. sacchari on cane node (arrow heads). 
Fig. 37 - Infested cane sett showing the adult 
female and young crawlers of S. sacchari 
on the bud (arrow). 

Fig. 38 (A - D) Different developing stages of 
female Saccharicoccus sacchari 
A - First stage larva 
B - second stage larva 
C - Third stage larva 
D - Adult female 
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Fig. 39 (A - D)- Different developing stages of male 
Saccharicoccus sacchari 
A - Prepupa 
B - Pupa 
C - Adult male (winged) 
D - Adult male (wingless) 
Fig 39(A-D) 
Fig. 40 - Duration of different developing 
stages of female Saccharicoccus 
sacchari. 
Fig. 41 - Duration of different developing 
stages of male S. sacchari. 
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Pig. 42 (A) - Duration of preoviposition,ovi-
position and post-oviposition 
periods and longevity of male 
and female. 
Fig. 42 (B) - Fecundity in relation to body 
size of female S. sacchari. 
25 
20 
I/) 
i 15 
< cc 
3 Q 
10 
> o 
lij cr OL 
in 
a Q. > 
o 
> o 
t-
o 
CL 
J ± L 
PERIODS 
i h 
9 
SEX 
Fig. A 2 ( A ) 
30 
25 
20 
15 
if) 
Q 
UI o 
10 q 
500 
AOO 
t/) o o 
LU 
200 -o z 
2.0 3.0 A.O tb 
body LENGTH(mm) 
Fig. A2(B) 
Fig. 43 - The ant Camponotus compressus Fbr. 
Fig. 44 - Nest of C. compressus on cane stem 
near the S. sacchari colony. 
43 
Fig. 45 - The ant Cremastogaster subnuda Mayr. 
Fig. 46 - Camponotus ant sp. 
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Fig. 47 - Plagiolepis ant sp, 
Fig. 48 - Prenolepis ant sp. 
Ov 
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iiology of Ferrisia virgata Ckll. 
I n t r o d u c t i o n 
Heavy infestation of Ferrisia virgata Ckll. during 
1985-86, on Psidium gujava orchard and on guava seeding 
has been the key factor in taking up the studies on life 
history^behaviour of this pest in Aligarh/ Uttar Pradesh. 
The investigation on the biology of mealybug, F. virgata, 
which is a polyphagous pest of many economically important 
crops in tropical countries, is extensively gone through in 
the present study. The list of host plants of F. virgata in 
the oriental region is exhaustive and it may be expected to 
occur on almost every flowering plant (Ali, 1968). In India 
it has geen recorded on a wide range of host plants (Misra, 
1919; Ayyar, 1919 and 1929; Green, 1929; Ramchandra & Ayyar, 
1934; Das et 1948; Das, 1947; Ghosh, 1961; Ali, 1961; 
Rawat & Modi , 1968a, 1969; Mustafee, 1970; Saxena, 1974;Sinha 
et _al., 1985 and Gautam & Kataria, 1986). 
Ferrisia virgata is generally found in aggregation on 
the ventral side of leaf, terminal shoot, petioles and on 
fruits. The developing stages of this mealy bug are respon-
sible for the economic loss. Due to continuous sucking of 
plant sap from leaves and shoots, the parts become weak, the 
leaves turn yellow, wilt anddrop. The shoots are also affected 
adversely. 
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Published life history studies on this mealy' bug are 
of Das et (1948) from Dacca and Rawat and Modi (1968a) 
from Madhya Pradesh. Behaviour of this mealy' bug in West 
Bengal has been studied by Basu and Chatterjee (1963). 
Material and Methods 
The studies ori life history of Ferrisia virgata were 
conducted in laboratory under controlled conditions. The 
adult females of this mealy bug were collected from the 
(Fig.49) 
guava orchard/in Aligarh district. The culture was maintained 
on guava seedlings planted in flower pots and were kept 
in insectary- Due to heavy infestation, the leaves get 
wilted and ultimately the seedlings dry up, and as a result 
old seedlings were replaced by new ones every 15 to 20 days. 
The newly emarged first instar crawlers in a group of 10 each 
were transferred within 24 hours to a fresh seedling, and 
kept in a B.O.D. cabinet maintained at 30 + 1°C, with relative 
humidity 70 + 5% and a 10:14 hours constant photoperiod. 
Observations on life history were made at 24 hours interval. 
The methods employed for determining the type of reproduction 
and longevity, sex-ratios have been given at appropriate 
places in the text. Observations on behaviour were made, 
examining the infested leaves under the dissecting binocular. 
For studying the gross morphology of adults and 
different instars, Balsom mounts were made. Freshly killed 
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specimens were treated with 5% KOH at 60-70°C in thermostat 
till the specimen become clear. The transparent specimens 
were washed in distilled water thoroughly to remove traces 
of KOH. The dehydration of the material/ was done in usual 
grades of alcohol.Staining and clearing was done in acid-
fuschin and clove oil, respectively. The stained specimens 
were placed on a microslide in a drop of canada balsom and 
oriented to therequired position. Drawings were made using 
the camera lucida. 
R e s u l t s 
Habits of Adults 
(A) Adult female and its habit (Fig. 50^520):-The body of 
the adult female, gives white appearance due to the presence 
of dusty white secretion all over the body, except for 
three small sub-medial black patches on each side of the 
dorsum. The patches are bare and correspond to areas which 
are devoid of trilocular pores (Ferris, 1950). The antennae, 
legs and ventral side are devoid of secretory deposits. The 
shape of the adult is oval and the body is flattened 
dorsoventrally. The body len^h prior to oviposition and 
without caudal filaments varies from 2.82 to 3.00 mm (ave. 
ranges 
2.88 + 0.04) while the width/from 1.21 - 1.5 mm, with an 
average of i.32 ^ 0.073. The glassy wax threads of varying 
lengths arise, from the dorsum. The adult female resembles 
to the preceeding instar but differs in body size and 
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behaviour. Like other Pseudococcids, a definite neck is 
wanting, and body is not so clearly distinguishable into 
head/ thorax, and abdomen due to sclerite degeneration. 
The head bears a pair of small eyes, a pair of 8-
segmented antennae, well suited sucking mouth parts. Thorax 
bears three pairs of dark coloured legs suitable for locomo-
tion. The flight apparatus and other related structures 
are wanting. Two pair of spiracles are situated latero-
ventrally. 
Abdomen of female jF. virgata is 9 segmented. A chitinous 
circulus ring is present between second and third abdominal 
segments, on the ventral aspect of the body. Stout tassels 
of waxy secretion arises from anal lobes. 
The fully grown adult female remains fixed on the 
ventral side of the leaf andifeeds through midrib. During 
feeding andrest the antennae lie backwardly directed while 
the legs are stretched in a relaxed manner. It has been 
noted that when adult female is suddenlydisturbed, it with-
draws its rostralis instantaneously and moves away from the 
original place. It also releases a fine drop of colourless 
liquid^the honeydew. 
The females generally prefer soft and tender twigs. 
Just after emergence the crawlers confine themselves to the 
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original position for a day or more, thereafter they 
disperse in search of appropriate feeding spot. The females 
prefer shady areas and avoid being exposed to the extreme 
environmental conditions. From December to June, the popu-
lation was markedly reduced in field due to extreme cold and 
hot conditions during these months. From July to November, 
the population increases manifold , and the maximum 
activity was recorded in the month of November. 
Preference for shady areas indicates towards photo-
negative mode of life. The females also exhibit a rare 
phenomenon, the parental care. The female remains fixed 
to a spot during the period of egg laying and exhausts 
herself to death without moving from the place. 
(B) Adult male and its habit (Fig. 53,C) : -
The adult male of Ferrisia virgata is a winged 
creature. The general colour of the body is dark brown, 
devoid of dusty secretion, with white papery wings. This 
tiny creature measures about 0.85 - 0.95 mm in length 
with the average of 0.87 + 0.012 and the width average 
was 0.21 + 0.0007, exclusive of anal filament. The body 
is distinctly divided into head, thorax and abdomen. The 
head is marked off from the rest of the body by a constric-
tion and carries a pair of 10 segmented atennae. Mouth parts 
are atrophid. 
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The thorax consists of three regions, the pro-,nieso-, 
and metathorax. The boundaries of these three regions are, 
however, not clear. A heavily chitinised shield is present 
over the thorax. A pair of white membranous fore wings is 
present along with the halteres. Wings ramain folded back-
wafdly one over the other at the time of rest and also during 
locomotion. The wings are roughly oval in shape. Venation 
is reduced, halters arise as projections from the margins 
of metathorax in the form of knob. Three pairs of elongated^ 
dark brown well suited legs are present^ the soft abdomen has 
9 segments and bears a small, chitinised aedeagus on either 
side of which there are 4 long caudal tassels. Anal opening 
is situated dorsally. 
Male, just after emergence, remains within the pupal 
case for a brief period. In many cases it was found that 
the males may even leave the pupal case instantaneously 
when it is touched with brush or needle at caudal extremity. 
They are attracted towards light. Wingless male has not 
been recorded in F, virgata. 
Reproduction in Ferrisia virgata 
Reproduction is generally through parthenogenesis. 
Copulation or sexual mode of reproduction could not be 
observed in the present study except on one occasion. 
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Scarcity of males also suggest parthenogenetic mode of 
reproduction which is generally prevalent in this insect. 
For the study of mode of reproduction, twenty female 
producing nymphs were picked from the culture, and were 
transferred to an uninfested fresh guava leaf individually. 
Each individual was kept in isolation in breeding jar 
(6" X 3") covered with muslin cloth, without the introduc-
tion of male.It was observed that after attaining maturity 
female started oviposition in usual manner. This experiment 
was repeated five times with same results. This indicate 
that F. virgata reproduces parthenogenetically in the 
absence of males and even otherwise. 
C o p u l a t i o n 
Copulation and courtship behaviour in Ferrisia 
virgata has been studied by'two workers (Rawat & Modi, 1969; 
Sinha et al., 1985). According to Sinha et al. (1985), the 
courtship period in this mealy bug lasts from about 1 to 
30 minutes. The male mounts and walks over the female, puts 
its head over her anal region between thebases of her two 
white tails. The female reciprocates by spreading out her 
tails and occasionally raising her abdominal end. The male 
invariably prefer younger adult females. In the present 
study, the copulation could notbe observed in this mealy 
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- tiug, except on one occasion. But it may be concluded that 
posture of copulation is head to tail and ventral to 
ventral position and both the partners remain motionless 
during copulation. 
O v i p o s i t i o n 
Eggs are deposited in batches. At the time of egg laying 
the female fixes herself firmly on to the midrib of leaf and 
on the seedling stem. As the oviposition proceeds* the female 
gradually shrinks in size. The number of eggs deposited by 
a single female varies from 208 to 310 in controlled condi-
tion with the average of 258 + 11.94 eggs. The pre-oviposition, 
oviposition and post-oviposition periods were found 5.00 -
12.00 (7.7 + 0.66); 5.00 - 7.00 (5.8 + 0.23) , and 1.00 - 3.00 
(1.7 + 0.20) days,respectively (Table, 3; Fig.56). 
Pre - imaginal stages 
Egg stage :- The eggs are oval, light yellow in colour 
ith a thin and delicate chorion. Each egg measures 0.31 -
0.31 mm in length with the average of 0.30 + 0.0002 and 0.16 -
0.17 mm in width. The incubation period is very short 10 -
30 minutes with an average of 17.2 ^ 2.59 minutes. Often 
the incubation period is so short that only light yellow 
coloured crawlers are seen under theabdomen of mother. 
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Female producing larva 
First stage larva (Fig. 52,A) :- The newly hatched 
crawlers are light yellow, somewhat flattened creatures. 
They remain motionless for sometime under the abdomen of 
female before crawling away. The newly hatched crawler measures 
about 0.35 - 0.36 mm in length with the average of 0.35 + 
0.0003 mm and 0.16 - 0.18 mm with theaverage of 0.17 mm in 
width. It broadly resembles with the adult except in body 
size and behaviour. It possesses a pair of 6 jointed antennae, 
a pair of eyes and chitinous framework of mouth parts. The 
thorax bears 3 pairs of well developed legs. The bristle 
fascicle reaches upto the posterior part of the body. The 
duration of first instar larva differs from 11.00 to 16.00 
days with an average of 13.8 + 0.61 days (Table, 3; Fig.54). 
The newly hatched crawler remains motionless for some 
time under the abdomen of its mother. After a brief sojourn 
it makes some movement and straightens its antennae, legs and 
body. But at this stage thecrawlers remain in contact with 
the mother through the long glassy threads of wax. After some 
time it crawls from the original spot to locate an appropriate 
feeding site, generally tender shoots, leaves and petioles 
etc. These crawlers move quite fast and their body is placed 
parallel to the surface of the leaf. And as soon as it gets 
suitable feeding site, it inserts its rostrum into the leaf 
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tissue. While manipulating the leaf tissue or twig, it holds 
the surface firmly with it legs, arid forcefully thrusts the 
stylets into the plant tissue. 
The damage to the host plant is mostly done by crawlers. 
Generally, the crawlers feed in aggregation on the ventral 
side of leaf. This perference may be for protection from rain, 
dust and extreme temperature and also because of their photo-
negative nature. Crawlers usually confine themselves to the 
veins specially in crevices produced by the midrib, presumably 
these sites provide maximum nutrition, concealment and anchorage 
to these crawlers. When disturbed, they excrete colourless 
honeydew. First stage crawlers which are almost weightless 
are easily blown away by the wind, which help in their disper-
sal . 
Second stage larva (Fig.52,B) :- The second stage larva is 
straw coloured, measuring about 0.60 - 0.62 mm with the 
average of 0.61 mm in length and 0.30 - 0.31 mm in width with 
the average of 0.30 mm. The head, thorax and abdomen are not 
distiact. The body is dorsally covered over with white powdery 
secretion and short waxy filaments. The head bears six jointed 
antennae, eyes and mouth parts. The length of bristle fascicle 
is shorter than that of the preceeding instar . There is a 
pair of short curved backwardly directed anal filaments and 
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two moderately long caudal tassels are also present. The 
duration of second stage larva is 12.00 - 16.00 days with an 
average of 15.3 + 0.47 days (Table,3; Fig. 54). 
Third stage larva (Fig.52,C) :- The third stage larva broadly 
resembles the second stage in body form and colour. At this 
stage the three sub-medial patches on each side of the dorsum 
appear. The length of waxy filaments is also increased consi-
derably. It measures 1.5 - 1.7 mm in length and the average 
being 1.64 + 0.04 mm and 0.80 - 0.85 mm in width with the 
average of 0.83nm.The antennae are 7 segmented. The bristle 
fascicle reaches upto the metathoracic region, a chitinOUS--'"' 
circul^us is indistinctly visible on the 2nd and 3rd abdominal 
segments. The length of anal filaments and caudal tassels is 
also increased. The duration of the third stage larva varies 
from 12.00'to 14 . OOday'S (ae.l 3 . 6 + 0.02) (Table, 3; Fig. 54). 
Male producing second stage larva 
The male producing second stage larva stops feeding 
at the end of the second stadium and passes onto the third 
and fourth instars, i.e., prepupa and pupa^respectively 
within the cocoon macfectcompactly arranged recurved dorsal 
filaments (Fig.51). 
Prepupa (Fig. 53,A) :- The prepupa is dark brown in colour, 
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soft and smooth. It lies quiescent in the pupal case sticking 
to the ventral surface of the leaf or twig. It measures 
obout 0.98 - 1.09 mm with an average of 1.02 + 0.02 mm in 
length and 0.40 - 0."43 mm in width with the average of 0.41 
mm. The stylets and greater part of framework of mouth parts 
are shed off during the preceeding ecdysis but partly degene-
rated rostrum is still retained. The antennae are projected 
posterioly. The abdomen is soft, moderately long and tapers 
posteriorly. Anal filaments are absent and anal opening is 
not distinguishable. The duration of prepupal stage is 2.00 
- 4.00 days with an average of 3.2 + 0.18 days (Table, 4; 
Fig. 55). 
Pupa(Fig. 53,B) :- The pupa differs from prepupa by having 
larger wing pads and elongated antennae, It also lies quies-
cent in the pupal case and measures about 1.02 mm in length 
with an average of 1.02 mm while the width ranges from 0.30 
to 0.31 mm the average being 0.30 mm. The head bears a pair 
of small primary eyes besides accessory eyes. Legs are slightly 
larger in comparison to those of the prepupa. The abdomen 
has 9segments. The pupal stage lasts about 3.00 - 5.00 days 
(ave. 3.5 + 0.22}(Table,4; Fig.55). 
Behaviour of prepupa and pupa 
The quiescent encased prepupa and pupa have similar 
habit and behave identically. The prepupa and pupa moult 
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within the cocoon. The exuviae can be collected from the 
rear end of the body. Both thestages show no reactions when 
touched with thebrush. If the pupal case is removed/ it was 
generally noticed that it fails to reconstruct a fresh cocoon, 
A large number of prepupa and pupa enclosed in pupal cases 
could be collected from leaves as well as from within the 
crevices of ^ em (Fig. 57). 
After final moulting the adult male does not leave the 
pupal case at once, but it may leave the pupal case" imme-
diately if it is disturbed. The newly emerged male is dark 
brown in colour. The male escapes from pupal case at the 
anterior end of the cocoon. Like other male of coccids, 
first it cleans its wings, legs and antennae and then 
walks off slowly. The emergence generally takes place late 
in night. 
Sex - ratio 
For determination of the sex-ratio, a number of gravid 
females were transferred to separate leaves of healthy plant. 
These females settled down and in due course, laid eggs. The 
number of males and females on each leaf was counted, after 
completion of the development. Empty cocoons indicated the 
emagence of males. The number of males andfemales produced 
from the eggs of 10 gravid females were 8 and 50; 10 and 45; 
9 and 48; 10 and 45; 9 and 50; 10 and 46; 8 and 47; 9 and 46 
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8 and 46; and 10 arid , respectively, the average being 
9.1 males and 47.0 females (Table, 4). 
L o n g e v i t y 
The freshly emerged adult males were kept in a beaker 
(3" X 2") and covered with muslin cloth. The time of emergence 
and death was recorded. The insect become inactive prior to 
death, leaves hold of the substratum and lay helplessly at 
the bottom of the beaker and remain in this stage for some 
time. The only sign of life exhibited is the slight movement 
of legs. The maximum life span of male was found 3.00 -
5.00 days with an average of 4.00 + 0.25 days, while the 
life span of female was found 11,00 - 20.00 days with the 
average of 15.2 + 0.85 days (Table, 3; Fig. 56). 
Recorded parasites and predators of Ferrisia virgata 
Efforts have been made to compile a list of recorded 
parasites and predators. The parasites and predators of 
Ferrisia virgata Ckll. constitutes a complex of 30 species 
of different orders of insecta known so far from various 
parts of the world. Twenty species belong to the family 
Encyrtidae, 3 from Aphelinidae and one from Pteromotlidae of 
the order Hymenoptera. Four species represent the order 
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Diptera, of which 3 species belonq to the family Syrphidae 
and the one to the family Cecidomyidae^ The predators are 
coccinellid beetles, i.e., three from the family Coccinellidae 
(Coleoptera) and one each representing Lygaeidae (Hemiptera) 
and Lycaenidae (Lepidoptera). 
Parasites of Ferrisia virgata 
Name of parasites 
Aenasius advena 
Compere 
Leptanusia indica 
Hayat ^ 
Leptanusia qadrii 
Hayat ^ al. 
Pseudanasius claves 
Hayat et al. 
Lept rinusia hofferi 
Majid 
Leptanusia almorahensis 
Majid 
Blepyrus longiscapus 
Majid 
Blepyrus insularis 
Compere 
Anagyrus comperei 
Subba Rao & Rai 
Anagyrus inopus 
Noyes & Hayat 
Family 
Encyrtidae 
Order 
Hymenoptera 
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Anagyrus Kivuensis 
Compere 
Anagyrus nigroradiclatus 
Subba Rao & Rai 
Anagyrus coccidivorus 
Blepyrus indicus 
Majid 
Leptomastix longipennis 
Mercet 
Leptomastidea abnormis 
Girault 
Acerophagus texnus 
Howard 
Coccophagus zebratulus 
Subba Rao & Rai 
Promuscidea unfaciativentris 
Girault 
Promuscicta ashmedi 
Shafee et al . 
Anysis australiensis 
Howard 
Allograpta sp. 
Rawat & Modi 
Jawana sp. 
Rawat & Modi 
Chrysopa sp. 
Rawat & Modi 
Diadiplosis indica 
Encyrt idae Hymenoptera 
Aphelinidae 
Pteromalidae 
Syrphidae Diptera 
Cecidomy;<dd.e 
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Predators of Ferrisia virgata 
Geocoris tricolor Lygaeidae Hemiptera 
Nayar £t al. 
Scymnus coccivora Coccinellidae Coleoptera 
Rawat & Modi 
Hyperaspis maindroni 
Rawat & Modi 
Menochilus sexmaculatus 
Rawat & Modi 
Spalgis epius Lycaenidae Lepidoptera 
Westwood 
Table, 3 - Duration of pre and post embryonic developmental 
stages of Ferrisia virgata Ckll., female. 
Duration in Days 
Stages Minimum Maximum Mean + s.E, 
Incubation period (Minutes) 10 .0 30 .0 17 .2 + 2. 5 
First instar 11 .0 16 .0 13 . 8 + 0. 61 
Second instar 12 .0 16 .0 15 . 3 + 0. 47 
Third instar 12 .0 14 .0 13 .6 + 0. 02 
Total duration of instars 35 .0 46 .0 40 .5 + 2. 1 
Pre-oviposition period 5 .0 12 .0 7 .7+0. 66 
Oviposition period 5 .0 7 .0 5 .8 + 0. 23 
Number of egg s/female 208 .0 310 .0 258 .0+11 .94 
Post-oviposition period 1 .0 3 »0 1 .7 + 0. 20 
Longevity 11 .0 22 .0 16 . 5 + 0. 85 
Life-cycle completed 46 .0 68 .0 57 .9 + 0. 72 
S.E. = Standard error 
Table, 4 - Duration o£ different developmental stag^o ot 
Ferrisia virgata Ckll., male. 
Stage." 
Duration of Days 
Minimum Maximum Mean + S.E, 
First instar 
Second instar 
Pre-pupal stage 
Pupal stage 
Longevity 
Life-cycle completed 
8 . 0 
4.0 
2 . 0 
3.0 
3.0 
19.0 
10 .0 
7.0 
4.0 
5.0 
5.0 
23.0 
9.5+0.25 
5.3+0.34 
3.2+0.18 
3.5+0.22 
4.0+0.25 
20.09+0.33 
Sex-Ratio 
Male 
9.1 + 0.27 
Female 
47.0 + 0.57 
S.E. = Standard error 
Fig. 49 - Infested guava orchard. 
Fig. 50 - Adult females of Ferrisia virgata 
on stem (arrows). 
Fig. 51 - Waxy cocoon of male on twig of 
seedling (arrows). 

Fig. 52 (A - D) - Different developing stages of 
female Ferrisia virgata. 
A - First stage larva 
B - Second stage larva 
C - Third stage larva 
D - Adult female 
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Fig. 53 (A - C) - Different developing atages of 
male Ferrisia virgata. 
A - Prepupa 
B - Pupa 
C - Adult male 
Fig .A 
F i g . B 
Fig. 54 - Duration of different developing stages 
of female Ferrisia virgata. 
Fig. 55 - Duration of different developing stages 
of male Ferrisia virgata. 
Fig. 56 - Duration of preoviposition, oviposition 
and post-oviposition periods and longe-
vity of male and female of Ferrisia 
virgata. 
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D i s c u s s i o n 
In spite of its prevalence and considerable economic 
importance/ the mealy bug and scale insects in India are still 
to receive serious attention of workers. Among a few detailed 
studies on their biology are those of Rao (1938, 1942, 1943); 
Singh-Pruthi and Mani (1945); Das et al. (1948); Puttarudriah 
(1954); Sankaran (1959) and Rawat and Modi (1969). Yadava (1971) 
has given only the external morphological details of immature 
stages of Saccharicoccus sacchari. 
The normal post embryonic development of Pseudococcids 
comprises three instars in female and four in the male. In 
life-history studies of various mealy bug species, most workers 
have described the usual number of instars in this group^i.e., 
three in female and four in male^ Essig (1910)in Pseudococcus 
citri; Singh-Pruthi and Mani (1945) and James (1937) in 
Pseudococcus longispinus; Ito (1938) in Pseudococcus brevipes; 
Rao (1942) in Pseudococcus saccharicola; Agarwal (1953) in 
Phenococcus (Centrococcus) insolitus and Beardsley (1962b) in 
Saccharicoccus sacchari, vadava (1971) reported three instars 
in female and two in male of _S. sacchari. However, some other 
workers reported varying number of instars in Pseudococcids. 
Uichanco and Villanueva (1932) reported 7 instars in both sexes 
of s . sacchari in Philippines. According to Elizabeth and 
Wyatt (1985), four instars in female and five in male are present 
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in grape mealy bug^ Pseudococcus maritimus. In the present 
study only three instars in"female and four in male could be 
recorded in the mealy bugs, Saccharicoccus sacchari and 
Ferrisia virgata, respectively. 
The duration and growth rate of various developing 
stages of mealy bugs is variable which seems to be due to 
the environmental and other factors. Mainly temperature and 
humidity play vital roles in regulating the duration of diffe-
rent juvenile instars of mealy bugs. In the present study it 
has been found that the total average duration of three female 
producing larvel stages of S. sacchari, was 25.5 + 0.74 days -
at the constant temperature 26 jf 1°C with 65 + 5% relative 
humidity and total duration of male producing stages was 5.3 + 
0.32 at the same parameters. In the F. virgata the female 
larval instars last about 40.5 + 2.1 days and male producing 
one 5.37 + 0.24 days at 30 + 1°C with 70 + 5% relative humidity_ 
The constant photoperiod in both the cases was LD 10:14 light 
and dark. Elizabeth and Wyatt (1985) reported 17.7 + 4.1 days 
nymphal duration in female and 5.47 + 4.1 days in male at the 
constant temperature 24°C with constant photoperiod LD 16:8, 
in Pseudococcus maritimus. The longest duration of female and 
male nymphal stages in F. virgata was 47.00 days and 18.5 + 
1.34 days^respective^ during December-January at the temperature 
19.e - 28°C and relative humidity 63.5 - 72.7% while shortest 
duration of both the sexes was 18.9 + 1.49 and 6.7 + 0.53 in 
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March-April at temperature 26.1 - 33.6°C and relative humidity 
54.8 - 62.8, as reported by Rawat and Modi (1969) from Madhya 
Pradesh in India. According to Sinha (1972) in Centrococcus 
insolitus the maximum duration of female nymphal instar lasts 
about 14.00 days at 21.5 - 24.0°C with 46.00% relative humidity 
in the month of March while it was shorter by 4.00 days in June 
at the temperature of 41 - 43.5°C with 29-3% relative humidity. 
From the foregoing discussion it may be concluded that photo-
period may also have an effective role in regulating the nymphal" 
duration. Photoperiod among insects, control physiological events 
as diverse as the induction of diapause (Kogure, 1933), the 
termination of diapause (Baker, 1935), the appearance of seasonal 
morphs (Marcovitch, 1923), growth rates (Saunders,1972), 
migration (Dingle, 1974), sexual behaviour (Perez ^ , 1971), 
sex-ratio (Hoelscher and Vinson, 1971), fecundity (Atwal, 1955) 
etc. 
The adult males in coccidae are generally winged but 
wingless forms are also known to occur while the females are 
always wingless (Rao, 1942). The first apterous male in 
sacchari was reported by Rao (1943) followed by Beardsley 
(1962b), Hafez and Salama (1967), Yadava (1971). Polymorphism 
in the male mealy bug of S. sacchari is reported by Hafez and 
Salama (1967), these authors further reported an intermediate 
form with or without wing buds. Probably, the prepupa of the 
winged male is described by these authors as intermediate form. 
- 104 -
Careful examination of this intermediate form revealed that 
the winged male is produced from this form. In Philippines, 
however, Uichanco a nd Villanueva (1932) reported only small 
number of winged males in their culture and made no mention 
of apterous form. Possibly these authors missed the apterous 
form in thier culture due to its minuteness and resemblance 
to the female producing stages. Quite a good number of wingless 
males were observed during the present study on S. sacchari but 
no wingless male could be observed in case of F. virgata. 
Uichanco and Villanueva (1932) reported that in Philippines 
S. sacchari may reproduce either bisexually or parthenogehoti-
cally. Parthenogenesis appear to be the usual mode of reproduc-
tion. These authors further believe that parthenogenesis is 
accompanied with ovoviviparity, while Beardsley (1962b) reported 
that Hawaiian race of S. sacchari is not parthenogenetic and 
ovoviviparous but the mated female deposits fully developed 
embryos in the normal occurrence.lt seems that Hawaiian race 
reproduce bisexually. The differences in the findings of these 
two workers is perhaps due to environmental factors prevailing 
in these two regions. There are other species of mealy bugs 
which are not parthenogenetic, Pseudococcus citri Pseudococcus 
maritimus; Pseudococcus gahani r PseudococciE longispinus 
Trionymus pregrinus (Jmes,1937). Only mated femalesof Pseudococcus 
maritimus deposits eggs (Elizab^h and Wyatt, 1985)and Centrococcus 
insolitus (Sinha, 1972). Pseudococcus brevipes (Ito, 1938); 
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Pseudococcus saccharicola (RaO/ 1942^ Phenococcus solani 
(Lloyd, 1952) and Dysmicoccus brevipes (Beardsley, 1960a ; 
Ghose, 1983) are entirely parthenogenetic. Hughes-Schrader 
(1948) reported that facultative parthenogenesis occur in 
few coccids, although some species are oviparous and some 
mealy bugs ovovi viparous_, viz., Pedronia hawai i ansis ; Pedronia 
ciboti and Pedronia dura (BeardH.ey, 1957) . Evidently it can be 
concluded that Indian race of S. sacchari reproduce partheno-
genetically accompanied with ovoviviparity. Reproduction in 
F. virgata takes place both sexually and parthenogenetically, 
but the parthenogenesis is more common (Das et al., 1948; 
Highland, 1956; Basu and Chatterjee, 1963; Rawat and Modi,19^9; 
Awadallah et al., 1979 and"Sinha et al., 1985). The present 
author could record parthenogenesis as a usual mode of 
reproduction in F. virgata. 
The pre-oviposition, oviposition and post-oviposition 
periods in both themealy bugs were found 9.6 + 0.35; 1.28 + 
0.36; 1.5 + 0.21 and 7.'7 + 0.66; 5.8 + 0.23 and 1.7 + 0.20 in 
S. sacchari and_F. virgata,respectively. In Pseudocuccus citri 
(Davis, 1894; Essig, 19 0); Pseudococcus saccharicola (Rao, 1912) 
Centrococcus insolitus (Sinha, 1972), eggs are deposited in egg 
sacs, but in S. sacchari eggs are placed in the midst of cottony 
covering in chain like fashion at an interval of five minutes. 
The number of eggs laid by a single female of S. sacchari ranges 
from 109 to 459 eggs with the average of 306.9 + 30.95 eggs per 
female. According to Elizabeth and Wyatt (1985) in Pseudococcus 
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maritimus, the fecundity is correlated with the size of the 
female. The larger female produces more eggs than smaller 
ones. In the present study in relation to sacchari, it 
was found that fecundity is positively correlated (r = +0.91) 
with the size of the female body. In F. virgata it was found 
that female deposit eggs in groups under the posterior part 
of the abdomen interwoven in compact mesh of fine waxy fila-
ments. The number of eggs deposited by a female varies from 
208 to3lO with the average being 258 11.94 eggs per female. 
The incubation period in both the mealy bugs is of a 
short duration. The incubation period in S. sacchari varies 
from 15 to 20 minutes with an average of 16.25 + 2.15 minutes 
while the incubation period of F. virgata ranges from 10 to 
30 minutes with an average of 17.2 + 2.5 minutes. According 
to Rawat and Modi (1968a) the incubation period in F .virgata 
varies in different seasons of the year and it seems to 
depend on temperature. Rawat and Modi {1968a) further 
reported 15 to 20 minutes and 3 to 4 hours in September-
October and December-January respectively. ' Sinha(1972) 
reported incubation period ranging from 6 to 7 days in summer 
and 20 -21 days in the winter in Centrococcus insolitus . 
Davis (1984) and Singh-Pruthi and Mani (1945) have reported 
an incubation period of one to two weeks in Pseudococcus citri 
in America and India,respectively with widely different ecolo-
gical conditions. Puttarudriah (1954) also reported that the 
eggs in the winter form of S. sacchari hatch out within few 
hours after deposition. 
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The male larvae of Pseudococcus saccharicola are 
distinctly more active than female larvae and they descend 
down the trunk and spin a cocoon before the second moult; 
whereas female larvae retain their position on the feeding 
spot (Rao, 1942)'. In the present study it was found that 
under laboratory conditions male larvae of S. sacchari climb 
upto the muslin cloth of jar where they start cocoon forma-
tion and sometimes they even conceal themselves in leaf-sheasth 
while sometime they remain within the dense colony of different 
instars. In case of F. virgata, the male producing larvae 
stop feeding and move to a protected place where they begin 
to spin a compact cocoon by the recurving of the dorsal waxy 
filaments. Generally, larvae prefer the epidermal crevices on 
the stem and even on the dried curlved leaves to avoid extreme 
environmental conditions. The female producing larvae of both 
the mealy bugs continue feeding on the stem nodes and leaves, 
respectively. 
Newstead (1901-1903) and Rao (1942) in Dactylopius 
citri and Pseudococcus saccharicola^respectively, reported 
that prepupa keeps moving its anterior pair of legs at the 
time of cocoon formation. This phenomenon is not observed 
in the present study. Prepupa remain quiescent in cocoon. 
It is further observed that when prepupa of S. sacchari is 
disturbed it travels a short distance andrebuilds its 
cocoon. Similar findings are also reported by Essig (1910) 
and Rao (1942) for pupa. In the present context it was noted 
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that both the prepupa and pupa in S. sacchari can rebuild 
cocoon if removed from original dwelling butihF. virgata 
they fail to do so. In case of S. sacchari it has been 
observed that with the onset of critical period of moulting 
cocoon rebuilding is impaired and moulting occurs with a 
freshcocoon having been formed. 
Adult male of S. sacchari remain in pupal case for 
a brief period, but it has been observed that when the 
pupal case is touched with a brush at caudal extremity the 
adults move out of the pupal case. Matheson (1909)/ Ito (1938), 
Sinha(1972) recorded similar observations in Pseudococcus 
citri ; Pseudococcus brevipes and Centrococcus insolitus, 
respectively. The male of F. virgata does not leave the 
pupal case immediately after emergence but stays in it for 
a longer period than the male of S. sacchari. 
Dispersal in instars is usually the prerogative of 
winged adult" Individuals (Southwood, 1961, 1962; Johnson, 
1969; oi|anesyan and Babayan, 1981). in many cases, however, 
where the female is wingless, or sluggish, dispersal may be 
accomp 1 ialied by first instar larvae that are carried by 
wind or by other means (Hoelscher, 1967; Greathead, 1972; 
Washburn and Frankie, 1981). Clearly, species with small 
weightless first instar larvae will be blown farther. In the 
present study it was found that generally the first instar 
crawlers are responsible for the dispersal of both S. sacchari 
and F. virgata. The crawlers are responsible for considerable 
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loss to economically important crops. Crawlers feed grega-
riously on the soft portion of the plant. It has been 
reported in few cases that the female crawlers develop 
long waxy filaments on the dorsal surface of the body that 
reduce their terminal velocity in air and enhance wind 
dispersal (Dactylopius austrinus, Moran et al,, 1982). 
The adult females of most of the coccids are paedogenic 
and more or less sessile (Miller and Denno, 1977; Miller 
and Kosztarab, 1979). In the present study it was found 
that the adult females of S. sacchari and F. virgata stop 
feeding as the oviposition proceeds, thus posing considerable 
difficulty towards their control. Cessation of feeding in 
mature S. sacchari, females is also reported by Beardsley 
(1962b) and that the control of S. sacchari with systemic 
insecticides poses certain difficulties in mature female. 
Beardsley (1962b) further stated that since the systemic 
insecticides tested do not remain at toxic levels in the 
plant for more than a week or so, a single application 
does not completely eliminate the mealy bug infestations 
as the non-feeding gravid females continue to produce 
crawlers during and after theeffective life of the insec-
ticide in the plant. 
Sex-ratio in Pseudococcids seems to vary considerably 
but thefactors contolling it are not known. The male sex 
in the family Coccidae is supposed to play a minor role in 
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the reproductive activity of anomalous group of insects 
which strengthen the presence of parthenogenesis in many 
coccids (James, 1937). In Pseudococc us citri; Pseudococcus 
maritimus; Pseudococcus gahani; Pseudococcus logispinus and 
Trionymus pregrinus (James, 1937), males out number femles 
while females out number males in Pseudococcus sacchari 
(Beardsley, 1952b), Pseudococcus brevipes (Ito, 1938) and 
Centrococcus insolitus (Sinha, 1972). In sacchari and 
F. virgata females out number males. The average number of 
males and females of S. sacchari and F. virgata was found 
4.5 males and 69.5 females and 9.1 males and 47.0 females/ 
respect ively. 
The longevity of males in Coccoideaas a whole is much 
shorter than those of females. In Pseudococcus saccharicola, 
Rao (1942) reported that the males live for about three days 
and Ito (1938) reported that unmated males of Pseudococcus 
brevipes lived longer than mated ones. Sinha (1972) reported 
that average life of male of Centrococcus insolitus is 
3 to 9 days. The life span of adult male of S. sacchari 
varies from 2 to 4 days with an average of 2.79 + 0.20 days 
while the life-span of F. virgata was found 3 to 5 days 
and the average being 4.0 0.25 days. According to Tashiro 
and Beavers (1968) in Aonidiella auranti almost all males that 
emerged during a given afternoon were found dead the next 
morning. 
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The life cycles (from hatching to first instar larva) 
of female mealy bugs, S. sacchari and F. virgata were completed 
in 50.6 + 0.86 and 57.9 + 0.72 days, respectively, while the 
life cycle of male was completed in 21.2 + 8.82 and 20.09 + 0.33 
days in both the mealy bugs. Rawat and Modi (1969) reported 
that the life cycle of female F. virgata is relatively 
shorter during March-April (32.1 days) and August-October 
(38.2 days), and longest (94.4 days) during November-March. 
The longest and shortest life cycle duration 94.4 days and 
26 days, in Centrococcus insolitus was reported by Sinha 
(1972) in the months of March and June-July, respectively. 
The life-span of female S. sacchari and F. virgata 
was found to be 21-27 days (ave. 24 + 0.66) and 11-20 days 
(ave. 15.2 + 0.85), respectively. 
The association of ants with the mealy bugs and other 
homopterans may be defined as a kind of symbiosis (Bunzli, 
1935; Nixon, 1951). The insects most conspicuous belong to 
the various families of Homoptera (Way, 1963), viz., aphids, 
coccids,Membracidae,Psyllidae etc., together with the larvae 
of the Lycaenidae (Hinton, 1951). In case of many aphids and 
coccids, they are accorded protection by the ants, who 
construct tents or shelters for housing them. Way (1963) 
defined this association as "mutualism" and species are 
myrmecophilous species, those which benefit from ants and 
are more or less adapted to live with them in relationship 
- 112 -
which need not to be either obligator^or mutually beneficial. 
In the present work five ant species were noticed 
having association with S. sacchari. All the species are 
representative of the family Formicidae (Hymenoptera). These 
ants have been ide ntified as Camponotus sp. (Camelinus gp.)/ 
Camponotus compressus Fabr.,' Cremastogaster subnuda Mayr. ; 
Prenolepis sp. and Plagiolepis species. Camponotus and 
Cremastogaster species were found most important and one of 
them, Camponotus compressus ant further strengthens this 
association by making a nest around the colony of the mealy 
bug. Further, these species may be helpful in transportation 
of first instar crawlers although not very far from the 
original spot. 
Eject of rectal secretion,- honeydew, generally attracts 
the ants. In the present study it was found that Prenolepis 
species consume large amount of honeydew whichmakes its 
abdomen swell. Generally, Prenolepis and Plagiolepis species, 
move around the female mealy bug and palpate the female's 
abdomen with their antennae. This stimulates the female to 
extrude the droplets of honeydew. 
Honeydew is a viscous liquid of complex composition 
excreted as clear droplets by homopterous insects. It is a 
complex mixture of nutrients, besides sugars^it contains 22 
amino acids (Maltais andAuclair, 1952; Salama and Rizk, 1969), 
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and five carbohydrates (Gray and Fraenkel, 1953, 1954; 
Ewart and Metcalf, 1956; Mittler, 1958 and Waterhouse, 1957). 
According to Maltais and Auclair (1952), the honeydew of 
aphid contains 13.2% amino acids and 35.7% invert sugars. 
The carbohydrates and amino acids are essential to the diet 
of many insects as reported by Lipke and Fraenkel (1956) 
House (1961). Honeydew also contains minerals and B-vitamin 
(Heinze, 1958). Furthermore, Nishida and Kuramoto (1963) 
extended his idea since the honeydew contains both carbohyd-
rates and amino acids has made ecologists aware of the 
importance of this excreted material as an ecological factor. 
Nixon (1951), Flanders (1951) reported that populations 
of aphids and coccids visited by ants for the honeydew, 
multiply more rapidly than those not attended by ants. These 
ants provide them protection against natural enemies of 
mealy bug, the colonies are healthier because the ants 
remove exuviae and sticky honeydew. In few cases it was 
found that in unattended mealy bug colonies the death rate 
of first instar crawlers was high as these restless crawlers 
get trapped in sticky excrement, honeydew, which is present 
on the nodes of the cane. Van der Goot's (1916) detailed 
evidences show that attendant ant increase the rate of deve-
lopment of Coccus viridis. According to Bartlett (1961) 
Iridomyrmex humilis attending Coccus hesperidium received 
no direct benefits apart from protection against enemies-
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Dead honeydew producing homopterans are carried away 
by ants to their nests (Banks and Nixon, 1958; Goldanich, 
1959; Herzig, 1938; Kloft, 1953; Nixon, 1951; Pontin, 1958; 
Van der Goot, 1916) and are presumably a useful source of 
solid protein food (Way,1963). The ants generally do not 
kill the attended aphids (Wheeler,1910), but according to 
Nixon (1951) it is not always true. In the present work it 
was found that the Cremastogaster and Camponotus species 
occasionally kill the adult and crawlers of mealy bug and 
carry away the dead mealy bugs to their nests, presumably 
when they fail to get the required amount of honeydew. 
However, it appears that normally these ant species are 
not predacious. According to stricland (1947, 1951), Cremas-
togaster africana may kill crawling larvae of Pseudocccids 
to which they attend. It seems that these mealy bug colonies 
may provide not only honeydew but also some of the solid 
protein food for the attending ants. 
To some extent these attending ants help in transpor-
tation of mealy bug .. According to Edwards (1951), it is 
thought that Coccus viridis is spread in citrus plantation 
by Solenopsis and Cremastogaster species. In the Philippines 
Dysmicoccus brevipes is carried to pineapple fields by 
Solenopsis and Cremastogester species (Serrano, 1934) 
which in West Africa are carried away by Camponotus, 
Cremastogaster and Pheidole (Re'al, 1959). In the present 
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observations it has been found that dispersal or transport 
of crawlers and third instars nymph of _S. sacchari, is mainly 
due to Cremastogaster and Camponotus species. 
It may, therefore, be concluded that the mealybugs are 
closely associated with the ants and mutual benefits are 
derived by both the ants and mealy bug from their intimate 
association in the ants' nest. Way (1963) is of the opinion 
that over-wintering Homoptera are specially benefited by such 
an association. Zwolfer (1958) gives evidence that some species 
of root aphid's can not survive during winter except in ant 
nest/ although they are sometimes found living independently. 
Sometimes it was found that the attending ant mixed its own 
eggs with the aphids. Pontin (1960) reported that Lasius flavus 
mixes its own eggs with those of aphids and the latter treat 
them similarly. 
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S u m m a r y 
(A) Biology of Saccharicoccus sacchari 
1. Saccharicoccus sacchari is widely distributed through-
out the tropics nearly in all the biological regions of the 
world except Nearctic region. In India it is distributed 
throughout the cane growing areas. 
2. Studies on life-history of S. sacchari were conducted 
in controlled conditions at 26 + 1°C temperature and RH% 
65 + 5% with LD 10:14 photoperoid. 
3. Culture of S. sacchari was maintained on cane setts in 
laboratory. 
4. The normal mode of reproduction is parthenogenesis 
accompaniod with ovoviviparity. 
5. The life-cycle of female is completed in 42.0 to 58-0 
days with the average of 50 .0 + 0.86 days. 
6. There are three larval instars in female. 
7. Eggs are deposited by a female in midst of cottony 
covering at an interval of five minutes. 
oviposition 
The pre-^viposition/and post-oviposition periods varies 
- 117 -
from 8.0 to 12.0 days (9.6 + 0.35) ;11.0 to 14.0 days (12.8 
+ 0.36) and 1.0 to 3.0 days (1.5 + 0.21), respectively. 
9. The number of egg . laid by a female ranges from 190 
to 459 eggS' with an average of 306 + 30.95 eggs. The fecundity 
is positively correlated with the body size of female. Females 
stop feeding when the oviposition period approaches. 
10. Incubation period is of very short duration ranging from 
15.0 to 20.0 minutes with the average of 16.25 + 2.16 minutes 
only. 
11. Longevity of adult female varies from 2o.O to 29.0 days 
(24.1 + 0.66) while that of male it ranges from 2.7 to 4.0 
days (2.79 + 0.20) . 
12. Two types of males have been recorded winged and 
wingless, 
13. The life-cycle of male is completed in 17.0 - 25.0 days 
with an average of 21.2 + 0.82 days. 
14. The duration of prepupal stage ranges from 2.0 to 3.0 
days (2.7 + 0,14) while pupal stage lasts about 3.0 to 
5.0 days (4.3 + 0.25) . 
15. The sex-ratio was found 4.5 + 0.74 (6.07%) male and 
69.5 jH 5.0 (93.79%) females. This indicates that females 
out number males, 
16. The developing s.tages are mainly responsible for the 
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economic loss. Dispersal of sacchari takes place largely 
at the first instar stage by wind or by other means. 
17. Five species of ants have been identified attending 
the sugarcane mealy bug namely Camponotus sp. (Camelinus 
gp*); Camponotus compressus ; Cremastogaster subnuda Mayr; 
Prenolepis sp. and Plagiolepis sp. of the family Formicidae 
(Hymenoptera). 
18. The association of ants with the mealy bug is mainly 
because of secretion of honeydew and in return the ants 
provide protection to mealy bug from parasites and predators. 
19. Parasite and predator complex comprises 21-species so 
far recorded from various parts of the world. 
(B) Biology of Ferrisia virgata 
1. Studies on life-history of Ferrisia virgata were conduc-
ted in controlled conditions at 30 1°C temperature and RH% 
70 + 5% with LD 10:14 photoperiod. 
2. Culture of F. virgata was maintained on young guava 
seedlings, in pots. 
3. The normal mode of reproduction is parthenogenesis. 
4. The life-cycle of female is completed in 46-0 to 60.0 
days with an average of 57.2 + 0.72 days. 
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5. Number of instars in female is three. The total larval 
duration ranges from 35.0 to 45.0 days with the average of 
40.5 + 0.21 days. 
6. The egga are deposited in batches on the ventral side 
of leaf. 
7. The duration of pre-oviposition; oviposition and post-
oviposition varies from 5.0 to 12.0 days (7.7 + 0.66); 5.0 to 
7.0 days (5.8 + 0.23) and 1.0 to 3.0 days (1.7 + 0.20), 
respectively. 
8. The number of egg5. laid by a female ranges from 208 to 
310 eggs, with an average of 258 + 11.94 eggs. As the oviposi-
tion proceeds the female gradually shrinks in size. 
9. Incubation period is of very short duration lasting 
10.0 to 30.0 minutes (17.2 + 2.59) only. 
10. Longevity of adult female varies from 11.0 to 20.0 days 
with an average of 16.5 + 0.85. 
11. The life-cycle of male is completed in 19.0 - 23.0 days 
(20.09 + 0.33). 
12. The duration of prepupal stage is 2.0 to 4.0 days 
(3.2 + 0.18) while pupal stage lasts 3.0 - 5.0 days (3.5 +0.22) 
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13. The sex-ratio is 9.1 + 0.27 males to 47.0 + 0.57 
females. 
14. The developing stages of this mealy bug are responsible 
for the economic loss. Due to continuous sucking of plant 
sap from leaves and shoots the plants become weak, the leaves 
turnyellow, wilt and drop. 
15. Parasite and predator complex comprises 30 species. 
Parasites mainly belong to family Encyrtidae (Hymenoptera). 
Predators are generally coccinellid beetles. 
HOST AND PEST RELATIONSHIP 
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Host and Pest relationship 
The association of Saccharicoccus sacchari with host 
plant is so close that the characters of the host plant 
regulate the distribution and abundance of insects over 
its surface. It is, however, very difficult to establish 
an exact relationship between the two and further it has 
been noted that the external environmental factors play an 
important role in the establishment of relationship between 
the host and pest. In the present study efforts have been 
made to ascertain the relationsip between the mealy bug and 
host plant and also to establish the degree of their associa-
tion. The observations have been made during monthly visits 
to the fields. Only the externally noticeable effects are 
being described here. 
The cumulative effects are not only complicated but 
are of a dynamic nature which show marked changes in the 
plants when they grow. 
A. Effect of Saccharicoccus sacchari infestation on 
host plant. 
(a) Loss in sucrose content of sugarcane under S. sacchari 
infest a t i o n. 
Hardly any reference is available on the effect of mealy 
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bug infestation on the sugar content of cane in India. The 
work of Van Deventer (1911) in Java, Moutia (1944), Williams 
(1960, 1963, 1966, quoted by Williams, 1970) in Mauritius 
showed that infestation by scale insect Aulacaspis tegalensis 
reduced the sucrose content of canes. In the present work 
efforts have been made to establish the loss in sugar content 
under heavy infestation of mealybug on commercially culti-
vated cane variety Co 1148, in Western Uttar Pradesh in 
Northern India. The category of experimental crop was 3rd 
ratoon and age of the plants was 11 months. The samples of 
healthy and infested canes were taken from nine cane fields 
when the infestation was severe^i.e., January, 1986 and 
were analysed for the following : 
(i) Brix :- The percent by weight of solid matter as 
indicated by brix spindle or brix refractometer. 
(ii) Pol % cane :- The value of sugar percent cane 
determined by direct or single polarization in a sacchari-
meter. The term is used in calculation as real substance. 
(iii) Absolute juice :- All dissolved solids in the cane 
plus the total water of percent cane. 
(iv) Purity :- The percentage by weight of pol in the brix 
Pol% cane j^ q^ 
Cane brix 
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(v) Percent available sugar Percent available sugar 
was calculated according to Winter and Carp's formula 
S - 0.4 ( B - S ) X F 
Where, 
S = Pol % Juice 
B = Brix 
F = A factor/ the value of which depends on the fibre 
content of the cane crushed. 
Note :- In the present study the fibre content was, 0.70% 
Materials and Methods 
(1) Method for obtaining the brix :- The infested as 
well as healthy/canes were cut just above the ground level, 
i.e., as normally reaped for milling. The samples of infested 
and healthy cane setts were crushed separately in laboratory 
crusher. The obtained juice was filled in a cylinder 
until it overflow. The cylinder was kept perfectly vertical. 
Allowed the air to escape by standing for 20 minutes or 
else air could be removed by applying vacuum. Gradually lowered 
the standarized brix spindle of the approximate range in 
position. By the time the spindle becomes steady, it also 
attain the juice temperature. Reading of the spindle in 
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line with the plain surface of the liquid (juice) was obtained 
noting the temperature of the juice from the thermometer. The 
corrected brix of cane juice iscalculated from the reading 
on the hydrometer spindle + hydrometer correction + tempera-
ture correction. The correct brix was, thus obtained by cal-
culating the uncorrected brix alongwith corresponding tempe-
rature from standard table. 
(2) Method for obtaining the Pol% cane Pol % cane was 
taken directly from the polarimeter. 
250 grams of sugarcane pieces from healthy and infested 
canes were taken and these were shredded separately in shredder 
(manufactured and supplied by "Ravalgaon Sugar Farmj' Nasik, 
India) with two litres of water. The shredding time was 15 
minutes per sample. 100 ml of mixture of cane juice and 
water was kept in 100 ml flask, to which minimum quantity 
of Horme's dry lead acetate was added for good clarity. 
The whole liquid was then, shaken well and filtered. Polari-
zation of the filtrate was done in 200 mm calibrated polari-
zation tube. The reading thus obtained was corrected for the 
error in pol tube. The pol % was obtained from Schimitz's 
table for the correct pol reading. 
Analysis of the juice was conducted at the Satha 
Kisan Co-operative Sugar Mills Pvt. Ltd., Satha, Aligarh^ 
Uttar Pradesh. 
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Results and Discussion 
Brix of healthy and infested canes :- The most convenient 
method of studying theeffect of Saccharicoccus sacchari 
on sugar content is the use of brix. It can easily be deter-
mined with a refTactometer for small quantities of juice 
obtained from a particular part of cane. Ripeness of a cane 
ma^/be determined by the brix of the cane and its solid sucrose 
content. A cane ripens internode by internode from bottom 
upwards. Ripening of the cane involves the increase of total 
sugars in the juice and all internodes of a fully ripe healthy 
cane, except the regions of butt and the extreme top, have a 
similar high sucrose content (Van Dillewijn, 1952). Increasing 
brix denotes a degree of ripening and in ripe canes it is a 
close approximation of the percentage by weight of sucrose 
in the juice (Williams, 1970). 
The detailed effect of infestation on separate ripe 
canes was determined by the nodal brix readings. The first 
visit for sampling the canes was made in November, 1985^ 
when infestation of Saccharicoccus sacchari was mild. The 
second visit was made three months later in January, 1986, 
when the infestation was severe. 
The nodal juice ofhealthy and infested canes from 
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field was collected by 'juice sampler' (Figs. 57,58; manu-
factured and supplied by Agricultural Engineering Division, 
Indian Institute of Sugarcane Research, Lucknow, India). 
The juice was collected in injection vial fitted in theback 
of the hollow container of the juice sampler. The vials con-
taining the juice were quickly transferred into a container 
with ice to minimize the possibility of fermentation. The 
brix of the expressed juice was taken by the bench refrac-
tometer. 
The results are shown in tables (5, 5) and figures 
(59, 60). During the study it has been noticed that brix 
is reduced as the population of mealy bug increase. In 
November, when the infestation was low, the percent reduction 
of brix was 14.85 % with maximum reduction 22.83% (Table, 5; 
Fig. 60). In the month of January, when the infestation was 
severe, the average brix reduction was 30.59% with the 
maxima of 47.0%. The brix remains at low levels in January 
as shown in figure (59,A) the nodal brix was reduced in all 
the nine samples which coincides the increase of mealy bug 
population. 
It is clear from the results computed in table (6) 
that the brix of the healthy and infested canes had a very 
wide range of variations in the month of January. It was 
found that the brix of healthy cane varied from 18.9 to 
20.38 with an average of 19.73, while in infested canes it 
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ranged between 16.85 and 18.16 with an average of 17.56. This 
variation between the two brix might be due to severe infesta-
tion and also due to decaying of the canes under heavy infesta-
tion . 
The infested canes had less pol than the healthy ones. 
The average decreases of pol % in healthy cane was 13.80 to 
15.5 % with an average of 14.54 % while in infested cane it 
ranged from 11.5 to 13.0 % with an average of 12.28% (Table, 
6; Fig.59,B). The variation in loss of pol % cane is associated 
with the degree of infestation or in other words the pol % of 
canes directly proportional to thedegree of infestation. 
Reduced pol % in cane is accompanied by reduced brix and 
reduced purity as shown in figures (61, 62). 
The absolute juice percent cane is not significantly 
affected by the infestation in nine fields except in field 
number six, where the absolute juice was found affected, which 
might be due to thedecay of pith region and water conducting 
tissues, which are destroyed by the insect during the process 
of sucking juice from the cane (Table, 6). 
Since the proportion of sucrose to other solids in 
solution decreases, the purity of juice is lowered in infested 
canes. The maximum purity loss was obtained in field number 
six, where it was 38.24 % with the minimum 23.14 % in'field 
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number four as depicted in figure (59,Citable (6). The 
percent reduction of purity was 6.14 %. 
The percent available sugar was calculated according 
to Winter and Carp's formula. It was found that the 
percent available sugar in healthy canes was from 10.95 
to 12.32 with an average of 11.80% while in infested canes 
it ranged from 9.61 to 11.05% with an average of 10.13% 
(Table, 6). 
It may be concluded that infestation of _S. sacchari 
decreases the sucrose and brix in the cane. This is 
accompanied by the low purity which results in additional 
loss to the factory because of lowering in purity and 
percentage recovery of sucrose from the juice is also lowered. 
These effects of infestation are localised, being slight 
along unattacked parts of infested canes which tends to 
disappear when the insects are dead. There is generally a 
great loss of sucrose if stem tissues rot as a consequence 
of heavy infestation.. 
(b) Effect of Saccharicoccus sacchari infestation on 
leaves. 
Pink sugarcane mealy bug, Saccharicoccus sacchari 
mainly feeds on stem nodes in aggregation. During the present 
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study, it was noted that leaf attack was also severe at the 
time of heavy infestation. It may be due to over crowding 
of the mealy buga on the node which compels them to shift 
on to the leaves. Such movements are quite frequent during 
the early development of crop. The leaf blade is the only 
part of the host plant that shows distinctive toxic symptoms 
in the presence of S. ^cchari. Due to active and collective 
feeding by all stages, chlor©tic patches of 'brownish red' 
in colour of varying size are found mainly at the leaf 
base. Generally the younger stages of mealybug cause fine 
streaks while adults make somewhat circular blotches and 
brownish red spot occurs in the middle of each blotch. The 
symptoms are those of Carter's (1962) first category of 
phytotoxaemias local lesions at the insect's 
feeding point with, in this instance, local diffusion that 
is the greatest along the axes of the vascular bundles ' 
(Williams, 1970). 
In the present study it has been observed that the 
leaf injury is directly proportional to population ati age 
of the insects infesting the leaf. The leaves become mottled 
or stippled when the mealy bug population is low. On the 
contrary when the insects are clustured, extensive chlorosis 
shot with dark brown markings are formed which is followed 
by desiccation and finally decay of the affected area. In 
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some fields, specially where the infestation was severe, 
the entire leaf was found dried up. 
(c) Effect of Saccharicoccus sacchari infestation on 
cane stem. 
Presence of S. sacchari with all its developing atages 
was observed on four month old canes. The insects are, however^ 
found in the field even on harvested cane stalk« pink mealy 
bugs lodge themselves at the lower nodes of the cane stem 
concealed under partly opened sheaths. Aggregation of adults 
and the developing instars in large numbers on the plant 
result in the loss of considerable amount of sap due to 
heavy drainage of the same from thestem. As a result of 
this attack the cane tends to dry and sucrose contents is 
considerably reduced and a thin, stunted crop obtained. 
The rostralis penetrate into the epidermal layer 
intercellularly passing through the parenchymatous cells 
and finally reaching the phloem region. The phloem region 
probably contains a higher concentration of sugar than any 
other tissue in the stem. The insect, while manipulating the 
stylets ruptures the sieve tubes of the phloem cells causing 
leakage of sucrose into the adjoining tissue, This sugar 
is broken down and generally not available during the milling 
of the canes. Secondly, the loss of sap causes deficient 
supply of nutrition which hinders the normal growth of 
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stem and finally the paint gets dry. 
The developing stages of this mealy bug which are 
active feeders, mainly responsible for the damage of the 
crop, Generally the ratoon crops are more susceptible to 
this mealy bug or those crops which have deficient and 
irregular irrigation. Environmental factors also play an 
important role in the papulation build up of this pest. 
The first instar nymphs, after emergence settle on 
a suitable feeding spot in large number and start feeding 
mostly on the young growing shoot. Due to the heavy 
aggregation and excessive feeding by the developing stages, 
the growth of plant is adversely affected, the stem becoming 
thin and finally the plants get desiccated. 
Like other coccids found on sugarcane, this mealy 
bug also secretes honeydew in considerable quantity effecting 
the host adversely. The secretion of honeydew by the mealy 
bug tends to contaminate the environment specially when 
the excrement gets stuck to it making it highly vulnerable 
to fungus and microbial infection. Excessive accumulation 
of honeydew has a harmful effect on the mealy bug population^ 
the young crawlers becoming bogged or asphyxiated in it. 
Further, the host plant suffers from its photosynthetic 
tissues becoming filmed with deposits allowing sooty moulds 
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to grow. The moulds that grow on honeydew may even be 
entomophagous or at least they may destroylthe honeydew pro-
ducing insects by enveloping them. As a result of the growthof 
the moulds the stem surface loses its 'natural colour and the 
tissues dry up leading to eventual decay of the plant. 
Honeydew deposited by the mealy bug on the cane surface, 
together with the exudation of gums from the parts wounded 
by the piercing mouth parts of the insects seriously interfere 
with raw sugar juice leading to a depression in the amount of 
sugar crystallized during the manufacturing process (Willcock, 
1925). In this way honeydew if not removed by the attending 
ants may cause appreciable loss to the extractable sugar. 
(d) Effect of Saccharicoccus sacchari infestation on the 
germination ard vegetative growth of sugarcane. 
The mealy bug infestation adversely affects the 
growing points of the sugarcane and the growth of the crop 
is generally arrested. In the course of the present study 
efforts have been made to asses the effect of the pink mealy 
bug infestation on thegermination and vegetative growth 
of sugarcane. 
Materials and Methods 
In view of the assessment of Saccharicoccus sacchari 
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infestation on germination and on vegetative growth, the 
healthy (unattacked) and heavily infested (attacked) cane 
setts were used as propagative materials, and planted in 
wooden boxes of 2 x 3 ft. filled with 9" deep soil enriched 
with cow-dung manure. These wooden boxes were maintained in 
natural environmental conditions. The propagative materials 
were selectaSfrom local infested cane fields. The most 
important commercial sugarcane variety Co 1148 of the 
category 3rd ratoon and 11 months old, was chosen. The 
experiment was conducted in two groups in the first 
group, healthy and infested but untreated cane setts were 
sown, while in the second the healthy and infested treated 
setts were sown. For insecticide treatment the setts were 
dipped in 0.1% malathion for 4 to 5 hours. Two water 
regimes were applied per week. Observations were started 
after proper germination and were taken after every fortnight 
and continued upto 60 days. 
Results and discussion 
Hardly any reference is available on germination rate 
and early shoot growth under mealy bug infestaion. The 
present study has been undertaken with a view to finding 
the effect of infestation on germination and vegetative 
growth of sugarcane. From the data obtained and computed 
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in table (7), it is inferred that the germination and 
early shoot growth may be adversely affected when heavily 
infested cane setts are used for the propagation of crop. 
Further, the removal of pest from the sett is not necessarily 
remedial, although it may greatly improve the growth. Incon-
sistancy in the suppressive action of the insect may be 
attributed to such factors as the physiological state of 
the canes from which the propagative material is obtained 
and to external conditions after planting. In field practice, 
infestation of propagative material would also be uniform and 
many insects would be disloged during the manipulation of 
the material before the prepared setts are planted. The 
extent to which the insect may affect initial growth is, 
therefore, unpredictable in the field practice and is probably 
not very alarming, but this does not obviate the desirability 
of either rejecting or treating infested propagative material, 
particularly as insects on the setts can initiate infesta-
tion in the virgin crop. 
The experiments were designed to finf^ the effect of 
heavily infested and healthy propagative material on germina-
tion andvegetative growth (Fig.63). In one experiment the 
healthy and infested cane setts with 4 eye cuttings were 
propagated while in the second the healthy and infested 
cane setts with 4 eye cuttings were planted. The propagative 
material for the second group was dipped in 0.1% malathion 
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for approximately 4 hours. In the present experiment, 
the germinated bud percentage/ shoot length and vegetative 
growth index were used as parameters. 
The data from all the five experiments, suggest 
that average germinated bud percentage is reduced in un-
treated setts. The average germination bud percentage was 
86.2 + 3.25% in healthy setts with the maximum 93.75% and 
the minimum was 75.30% while it was 60.0 + 1.36% in infested 
setts with the maximum 62.5% and minimum56.25%. The diffe-
rence obtained in these two is highly significant ( P<0.001). 
The improved germinated bud percentage was obtained in group 
two experiment, in which the infested and healthy setts were 
dipped in 0.1% malathion. The average germinated bud in 
treated healthy setts was 93.7% and in experiment number 
one & in three it was 100% with the minimum 87.25%. These 
results clearJy show that the healthy setts could also be 
infested in'the early stages of germination. The average 
germinated bud percentage in infested treated setts was 
71.25% with the maximum 81.25% and minimum 68.75%. It is 
evident that dipping of the infested setts before planting, 
may reduce considerably the effect of the insect. 
The average shoot length in all the five experiments 
was significantly reduced in infested setts as compared to 
healthy untreated setts which was 64.2 cm. with maximum 
77.25 cm. and minimum 54.75 cm. but the^'average shoot length 
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of infested setts was 51.3cm.with the maximum 61.0cm. & minimum 
43.75 cm. in 60 days.. The shoot length of infested setts 
differed significantly from the healthy setts (P<0.02), 
Further, it was observed that, when these planting materials 
were dipped in 0.1% malathion, the shoot length increased. 
The average shoot length of infested treated material was 
56.65 cm. with thelnaximum 65.0 cm. and minimum 49.5 cm. 
In healthy treated setts the shoot length slightly improves. 
From the aforesaid data it may be concluded that the shoot 
length increases, if the material is treated with malathion 
resulting in the better growth of cane. 
The overall vegetative growth is expressed as the 
growth index , 
_ _ total length of all shoots, infested setts ^ G.i. - ________________ —___________________ X iUO 
total length of all shoots, healthy setts 
as described by Williams (1970) in determination of growth 
index in setts infested by sugarcane scale insect, Aulacaspis 
tegalensis. For the calculation of growth index, the total 
length of healthy shoots was assumed as 100% growth rate, 
i.e., total length of all healthy shoots is equal to 100%. 
In all the five experiments, the growth index was found to 
be reduced in untreated setts. The average growth index 
percentage of untreated samples was 80.02% with maximum 
86.6% and minimum 75.69%. In treated setts the average 
growth index percentage was 87.13% with the maximum 91.06% 
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and minimuni 81.75%. It appears from the above results that 
the vegetative growth of shoot in terms of growth index 
could be increased by treating the infested planting material 
The sugarcane is usually propagated from the cut 
sections of stem having growing buds with the leaf sheath 
intact. Those planting materials which are transported 
throughout the world, extend the possibility of spreading 
the sugarcane mealy bugs too, as these p3sts remain hidden 
inbetween the leaf sheath and stem node. They remain 
unnoticed to the farmers. It has been experienced during 
the present study that mealy bugs can survive upto three 
months or more under the debris. The feasibility of infes-
tation could be reduced to some extent if the material is 
dipped in insecticide prior to planting. In the present 
study it was found that dipping of the propagating material 
in 0.1% malathion, improves crop conditions and ultimately 
the cane yield could be enhanced. 
Van Deventer (1911) stated that the attack by mealy 
bugs in the early stages of canes causes stunted and thin 
growth often resulting in death of the plant. Moutia (1944) 
stated that 5-15 tons cane/acre may be lost in infested 
fields. During the present study it was experienced that 
the loss of cane was more in fields where the harvesting 
was late, and heavily infested canes are left standing for 
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too long. During this period the infestation plays an acc-elera-
ted role the loss to sugarcane becomes enormous. Williams (1970) 
has also reported from Mauritius that while insect's population 
remain small for much of the growing periods, it gains momentum 
when canes begin to ripe. 
B. Factors affecting infestation of Saccharicoccus 
sacchari. 
(a) The leaf as substratum for development of mealy bug. 
The pink sugarcane mealy bug S. sacchari, is generally 
a stem inhabiting insect but often occurs on leaves also. 
Further, it has been observed that leaf infestation occurs 
only as a result of crowding of insects on stem and it may be 
considered as secondary. In the present observations it was 
noticed that the fields of young sugarcane remain uninfested 
till stems begin to grow, it has further been noted that the 
young crop is generally free from infestation even if it was 
adjoining the infested cane fields. When the stem infestation 
begins to build up, the insects are often found on the leaves 
or the foliage of new ratoon shoots coming off from the bases. 
A high mortality rate was recorded in the individuals 
which tend to settle on the foliage. Further, it was noted 
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that when the mealy bug inhabits in between node and stem 
exposes the insects to natural enemies as well as to adverse 
climatic conditions, leading to supression in the mealy bug 
population, 
(b) Role of leaf sheath in mealy bug infestation. 
The leaf sheath, which envelops the stem, has an 
important role to play in the building up of stem infestation. 
Sugarcane leaf is particularly significant as it is directly 
concerned with the synthesis of sucrose stored in the cane 
stem -
The size and shape of the leaf blade is dependent on 
the age and variety of sugarcane. The stem having tight 
leaf sheaths, generally-remains free from infestation. It 
appears that the tight leaf sheath somehow prevents to some 
extent access of the insect to the stem surface. The younger, 
internodes at the top of the cane are compactly enveloped 
by tight leaf sheaths making it inaccessible to the insect. 
Leaf sheaths on the lower stalk protect partially thestem 
surface. Such leaf sheaths fit lightly to the stem which are 
prone to infestation- As the growth of the cane advances, 
the older leaf sheaths loosen further exposing the stem. 
However, the extent of exposure depends on the variety of 
the cane. 
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Further/ it has been observed that a loose leaf 
sheath is essential for the proper development of the mealy 
bug. The site that favours most to the bugs is under the 
sheath that fits closely but is nevertheless,loose enough 
to permit the free access entry of the crawlers to the node 
for development and growth. The leaf sheath thus, provides 
a protective covering for the developing stages and helps 
adult and the infestation to build up fast. The leaf sheath 
at the base provides the niche that enables the insect 
develop en masse and the protection they afford to the stem 
acquires secondary importance. In this way loose leaf 
sheaths are essential for the proper establishment of mealy 
bug colony. 
The young crawlers of pink mealy bug prefer the 
succulant portion of growing cane, while the older insects 
tend to occupy the lower portion of the stem. This is 
because of the synchronous development of life stages as a 
result of successive invasion by crawlers to the young nodes 
of the cane as their leaf sheaths loosen. 
From the above observations it may be concluded that 
the leaf sheaths play an important role in stem infestation. 
The leaf sheaths provide protection to the insects from the 
attacks of natural enemies as well as from the direct exposure 
to unfavourable environmental conditions. 
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(c) Effect of seasonal growth of host plant on the 
infestation of Saccharicoccus sacchari , 
The population density of S. sacchari is directly 
related to growth of host plant. According to Williams (1970) 
in Aulacaspis tegalensis, a sigmoid curve is obtained when 
the stem length of sugarcane is plotted against the time, 
and the middle part of the curve represents the "grand period 
of growth of the Aulacaspis tegalensis". He further stated 
that the development of thescale insect, A. tegalensis is 
rapid during the grand period of growth because of the high 
seasonal temperatures. In case of S. sacchari, the rapid 
growth of cane also favours the insect population build up. 
During the growth period, the young shoots provide the 
pests feeding sites mainly stem nodes of their choice for the 
young developing crawlers. During this period the environmental 
factors also favour the population build up. The ripening of 
canes marks the culmination of growth of the plant. No doubt, 
the insect gets maximum nutrition at the ripening stage of 
stem, nevertheless, their population is subsequently reduced 
because, in case of older or ripen canes, fresh stem nodes 
are not available while the older ones are already occupied 
or nodes get filmed with honeydew excrements which is harmful 
to the developing crawlers. 
From the results obtained and computed in table (9), 
it is evident that the insect population gradually increases 
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as the plant growth is advanced. Foliage infestation is due 
to non-availability of fresh stem nodes or the overcrowding 
of insects on stem. It may be concluded that only the growing 
period of the crop favours the insect population build up, 
as during this stage the stem provides nutrition and shelters 
for thedeveloping crawlers and adults. 
(d) Feeding habit of Saccharicoccus sacchari. 
As stated earlier sacchari remains aggregated on 
stem node under the leaf sheath where they almost continuously 
extract plant sap. The female S. sacchari feed almost throughout 
its active life while the males stop feeding at the end of 
second nymphal stage. The mode of feeding by coccids has been 
the subject of investigation only by few workers (Smith, 1926: 
Krishnaswami e_t _al. , 1964; Hafez and Salama, 1969) . According 
to Rao (1951)/ the stylets of scale insect Melanaspis glomerata 
enter the cane tissues through stomata. While Agarwal and 
Sharma (1960) reported that the pattern of stem infestation by 
M. glomerata as well as the varietal susceptibility to infesta-
tion is associated with the distribution and abundance of 
stomata in the stem epidermis. In a number of insects it has 
been reported that generally theyavoid the vascular bundles 
while manipulating thestem and the rostralis goes deep into 
the stem intercellularly through parenchymatous cells of the 
ground tissues ending in a parenchymatous cell (Agarwal et al., 
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1959; Agarwal, 1960 and Williams, 1970). In S. sacchari it 
was found that the rostralis penetrates the epidermal layer 
intercellularly passing through the parenchymatous cells and 
finally reaching the phloem region drawing its food from the 
phloem tissues. It is believed that these cells transport 
the formed sugar to other parts of thestem and probably these 
phloem cells have higher concentration of sugar than any 
other cells in the stem. Due to manipulation of phloem cells 
by the rostralis the sieve tubes of the phloem get rupture, 
leading to the irregular supply of formed sugar to different 
parts of thestem hindering its normal growth, in some cases 
necrosis of the cells also occur. Due to continuous rupturing 
of the sieve tubes a thin and stunted crop is obtained which 
indirectly affects the pest population. 
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Fig, 57 - Juice sampler (arrow indicating the 
vial). 
Fig. 58 - Juice inoculator. 

Fig. 59 (A,B,C) - Showing brix, pol% cane and purity 
of healthy and infested canes at 
the time of severe infestation. 
A - Brix of healthy and infestation 
canes. 
B - Pol% of healthy and infested 
canes. 
C - Purity of healthy and infested 
canes. 
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Fig. 63 - Effect of S. sacchari infestation on 
germination of cane setts. 
(untreated - without insecticidal 
treatment of cane setts) 
(Treated - Treatment of cane setts 
with 0.1% malathion) 
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S u m m a r y 
The association of Saccharicoccus sacchari with the 
host plant is very close. In the present study efforts have 
been made to ascertain the relationship between the two. How-
ever, only theexternally noticeable effects have been descri-
bed. All the studies were made on cane variety Co 1148 3rd 
ratoon. 
(A) Effects of Saccharicoccus sacchari infestation on 
host plant. 
(B) Loss in sucrose content of sugarcane due to S. sacchari 
infestation. 
The loss in sucrose content of sugarcane due to S. 
sacchari infestation was estimated in respect of following 
parameters :-
(i) Brix 
(ii) Pol % cane 
(iii) Absolute juice 
(iv) Purity 
(v) Percent available sugar 
The effect of infestation on separate ripe canes 
was determined by nodal brix readings. The first sampling 
of canes forestimation of sucrose content was made in 
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November, 1985 when infestation was mild. The second 
sampling was made when the infestation was high^i.e., 
January/ 1986. 
The nodal juice of healthy and infested canes from 
the field was collected by 'juice sampler'. During the 
study it was found that brix is reduced as the population 
ot mealybug increases. 
In November, the percent average reduction of brix 
was 14-85% while in January, the average reduction in brix 
was 30.59%. Brix was reduced in all the nine samples which 
coincide the increase in mealy bug population. Reduction 
in brix might be due to severe infestation and also due 
to decaying of canes under heavy infestation. 
The infested canes had less pol than the healthy 
ones. The average decrease of pol% cane in nine field 
samples was 15-42% with a high of 30.0%. The range of pol% 
in healthy cane was 13-80% to 15.5% with an average of 
14.54% while in infested cane it ranged from 11.5 to 13-0 
with an average of 12.28%. Reduced pol% in cane is accompa-
nied by reduced brix and reduced purity. 
The absolute juice percent cane is not significantly 
affected by infestation in field samples except one. 
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Purity is related with proportion of sucrose to 
other solids in solution. When the decrease of the former 
the purity is also affected adversely. The maximum purity 
loss was obtained in field number six being 38.24%. 
The percent available sugar was calculated according 
to Winter and Carp's formula. The percent available sugar 
in healthy canes ranges from 10.95 to 12.32 with an average 
of 11.80% while in infested canes it ranged from 9.61 to 
11.05% with an average of 10.13%. 
Conclusively the infestation of S. sacchari decreases 
the sucrose and brix in the cane. This is accompanied by 
the low purity and ultimately affects the percentage reco-
very of sucrose from the juice. 
(b) Effect of S. sacchari infestation on leaves. 
Saccharicoccus sacchari is usually an stem inhabiter 
but it has been recorded on leaf during heavy infestation. 
The leaves become mottled or stippled and cholrosis shot 
appear with dark brown markings followed by desiccation 
and decay of effected area. 
(c) Effect of s. sacchari on cane stem. 
As a result mealy bug infestation the cane stem 
tends to dry and sucrose content is considerably reduced. 
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The developing stages of the mealy bug are mainly 
responsible for the damage. Due to aggregation and excessive 
feeding by the developing stages/ thegrowth of the plant 
is adversely affected/ the stem becoming thin and finally 
the plants get desiccated. 
Secretion of honeydew by the mealy bug on the cane 
surface also affects the host. The honeycle^ ;^ favours 
the growth of fungus and microbial infection. The honeydew 
seriously interferes with raw sugar juice leading to a 
depression in the amount of sugar crystallized during manu-
facturing process. 
(d) Effect of S. sacchari infestation on the germination 
and vegetative growth of sugarcane. 
The mealy bug infestation adversely affects the 
growing points of the sugarcane and the growth of the crop 
is generally arrested. 
The germinated bud percentage, shoot length and 
vegetative growth or growth index were used as parameters. 
From the present study it is inferred that the 
germination and early shoot growth is adversely affected 
when heavily infested cane setts are used for the propaga-
tion of crop. 
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The average germinated bud percentage was 86.2 + 
3.25% in healthy setts with themaximum 93.75% and the 
minimum 75.30% while it was 60.0 + 1.36% in infested setts 
with the maximum 62.5% and theminimum 56.25%. 
Treatment of healthy as well as infested setts with 
0.1% malathion improved percentage of bud germination. The 
average germinated bud percentage in healthy treated setts 
was 93.7% and in experiment number one it was 100%. the 
average germinated bud percentage in infested treated 
setts was 71.25% with the maximum 81.25% and minimum 68.75%. 
The average shoot length 64.2 cm with maximum 77.25 cm 
and minimum 54.75 cm was obtained in healthy untreated setts 
while in infested untreated setts it was 51.3 cm with maximum 
61.0 cm and minimum 43.75 cm in 60 days. 
The average shoot length of infested treated material 
was 56.66 cm with themaximum 65.0 cm and minimum 49.5 cm. 
The overall vegetative growth or growth index in 
infested untreated and treated setts was 80.02 and 87.13, 
respectively. It may be concluded that dipping of propagative 
material before planting improves the crop yield. 
(B) Factors affecting infestation of S. sacchari. 
(a) The leaf as substratum for the development of mealy 
bug . 
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At the time of severe infestation the leaf acts as 
substratum for development of mealy bug. The leaf sheath 
generally play an important role in the infestation of 
mealy bug. The stem having tight leaf sheaths remains free 
from infestation. Loose leaf sheath is essential for the 
proper development of mealy bug. 
(b) Effect of seasonal growth of host plant on the 
infestation of S. sacchari. 
Generally the growing period of the crop favours the 
insect population build up as the growing stem provides 
nutrition and shelter for the developing crawlers and 
adults too. 
(c) Feeding habit of the S. sacchari. 
Feeding habit of S. sacchari adversely affects the 
growth of host plant. The sieve tubes of phloem get ruptured 
due to manipulation of rostralis. Due to sieve tube damage 
the water and nutrients supply to thegrowing stem get 
disrupted, leading to a sick crop. 
DISTRIBUTION PATTERN OF 
MEAL.Y BUGS UNDER CERTAIN 
ENVIRONMENTAL FACTORS 
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DISTRIBUTION PATTERN OF MEALY BUGS UNDER 
CERTAIN ENVIRONMENTAL FACTORS. 
(A) Effect of agroclimatic conditions on the population 
of Saccharicoccus sacchari Ckll. 
I n t r o d u c t i o n 
India is one of the leading sugarcane producing 
countries. About two million hectares of land is under 
cultivation and produced 50% of total world production. 
Uttar Pradesh alone provides 45% of total national pro-
duction of sugarcane/ (especially South-Eastern, Central 
and Western part of the state). The most widely cultivated 
variety in Uttar Pradesh particularly in and around Aligarh 
is Co 1148. 
The pink sugarcane mealy bug, Saccharicoccus sacchari 
ia an important pest specially in the cane growing belt of 
Uttar Pradesh. The population of this mealy bug fluctuates 
in a regular predictable manner. The distribution, severity 
and extent of infestation have a correlation with the season 
and crop growth. Only few workers have given accounts of its 
seasonal occurrence in varying climatic conditions in different 
part of India (Gupta, 1940 ; Puttarudriah, 1954; Ali, 1958, 
Kareem et aj., , 1963 ; Satpathy and Das, 1969) 
- 151 -
and in Egypt (Hafez and Salama , 1969). In the present study 
efforts have been made to evaluate the annual population 
fluctuations of this mealy bug and to understand the behaviour 
of the mealy bug in its natural environment with a view to 
gather sufficient information which may help in the control 
of this pest. 
All the observations were conducted in the Aligarh 
district of Uttar Pradesh. The cane variety selected for this 
study is Co 1148 which is generally sown in and around Aligarh. 
All the observations were made on 3rd ratoon and 11 months 
old crop. The monthly counts of insect was made from September, 
1985 to August, 1986. 
Materials and Methods 
In order to study the insect in its natural habitat, 
regular monthly excursions were made. Atmospheric temperature, 
humidity and rainfall were recorded over the sugarcane fields, 
(Table, 8; Fig. 64; from September, 1985 to August, 1986). 
The mean was considered to represent the conditions in the 
whole locality. The temperature and humidity of the insect 
microhabitat on sugarcane stem under the leaf sheath were also 
taken. 
To determine of theseasonal variations in the mealy bug 
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population, 50 infested cane stalks were selected atrondom 
from the predetermined field representing cane variety Co 
1148, 3rd ratoon and 11th months old crop. The actual number 
of individuals occurring on the nodes of the 50 infested 
stalks was considered to represent the total population for 
each month. The arithmatic mean of the total individual 
number in different months represent the total population 
during the whole year. In addition, the arithmatic mean of 
insect number was calculated and taken as index of the 
total population per month. 
Climatic conditions of the locality 
T e m p e r a t u r e 
The mean of different temperature records clearly 
shows that the atomospheric temperature is highly variable 
over the field under consideration during September, 1985 
to August, 1986. The lowest mean temperatures obtained 
were 23.0,20.0 and 23.0°C in December, 1985, January and 
February, 1986,respectively which attained the maximum, 
i.e., 39.15°C in the summer month June, 1986. The lowest 
temperature was recorded in the month of January, 1986 
(b.99°C). From the aforesaid discussion it is clear that 
the region of study is subject to the diurnal as well as 
seasonal fluctuations in the temperature. The mean maximum 
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day temperature was 44.6 C and the minimum was 25.5°C 
during hot season. This indicates wide range of fluctuations 
in diurnal temperature in both the cold and hot months. 
Relative humidity percentage 
Mean monthly records of relative humidity percent 
shovB that the area under investigation was also subject 
to a wide seasonal variations in this respect as well. 
The maximum humidity was recorded as 84.38% and 85.96% in 
cold months^ viz./ December and January, respectively. In 
April and May the humidity came down to 44.63 and 52.93%, 
respectively and mean of the two months being 48.78%. 
The locality was also subject to high diurnal fluc-
tuations in the humidity. The mean minimum humidity (21.0%) 
was recorded on 8.VI. 1986 in the morning which gradually 
increased to 38.0% in the evening. The mean maximum humidity 
(85.0%) was recorded in January in the morning while the 
minimum was (69.35%) in the evening. In the light of the above 
discussion it may be concluded that a wide range of seasonal 
and diurnal fluctuations in relative humidity percent was 
prevailing throughout the year over the area under investi-
gation . 
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R a i n f a l l 
Only scanty rainfall was recorded throughout the 
year from September, 1985 to August, 1986 over the area 
under investigation. The maximum rainfall (5.96 mm) was 
recorded in September 1985 whereas it was minimum (0.017mm) 
in March, 1986. The annual rainfall was 23.64 mm which is 
considered below normal. Due to scanty rainfall the whole 
area was subject to drought conditions. 
Insect's microclimate or microhabitat 
Saccharicoccus sacchari takes shelter in the protected 
areas of host plant specially underneath the leaf sheath 
with a view to avoid extreme macroclimatic conditions. It 
was, therefore, thought worthwhile to study tnc microhabitat 
in which the insects live. Temperature and relative humidity 
percent was also recorded in between the leaf sheath and 
stem node for comparison with the macroclimatic conditions. 
Temperature within insect's microhabitat was recorded 
by using small bulb thermometer as described by Hafez 
and Salama (1969). An hourly record of the temperature on 
the different sugarcane stems harbouring the mealy bugs 
was maintained by fitting small bulb thermometer in between 
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the stem and leaf sheath. Simultaneously the temperature 
of the macrohabitat was also recorded and difference 
between the two temperatures was noted. It was found that 
the temperature of microhabitat was always lower than that 
of the macrohabitat. It was, however, noted that the 
temperature of microhabitat is goverened by fluctuations 
in the temperature of the outer atmosphere. The difference 
between the two temperatures ranged between 1-3°C. 
The approximate relative humidity percentage was also 
recorded in microhabitat by using small dry and wet bulb 
thermometer inserted in between the leaf sheath and stem 
after loosening the sheath. The approximate humidity percent-
age was obtained from the 'Hygrometric tables' (supplied 
by G.H. Zeal Ltd., London) at depression points obtained 
from wet and dry bulb columns. The relative humidity perc-
entage of Outer atmosphere was also recorded simultaneously 
to evaluate the difference between the two humidities. During 
the experiment it was found that the humidity in insect's 
microclimate was always higher than that in the macrohabitat. 
The average difference between the two humidities ranged 
between 5 to 15%. 
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Results and discussion 
(A) Seasonal populationfluctuations during different 
seasons of the year. 
Saccharicoccus sacchari causes a significant loss to 
crop in areas of severe infestation. The mealy bug lodges 
on cane nodes just below the leaf sheath and feeds gregari-
ously due to which a large quantity of sap is drained out 
causing yellowing and stippling of the leaves. The leaf 
sheath dries up and the nodes become constricted leading to 
a thin and sick crop. 
In India 3-4 or even sometimes five crops of sugarcane 
are harvested from the first year virgin crop..in Uttar 
Pradesh cultivation of canes usuai;^ begins from February 
and continues till April. The harvesting of cane for milling 
usually starts from Novermber for second and third year 
ratoon crops till February. Harvesting for first year crop 
starts late, i.e., from December. This is due to the fact 
that first year crop ripens late and is , therefore, 
allowed to remain for a longer period in the field. 
During present investigations it was found that pink 
mealy bug mostly attacks older canes of ratoon crops. The 
population distribution of the mealy bug is generally 
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correlated with the agro-climatic factors such as 
temperature, humidity and rainfall. Therefore, it was 
thought proper to study its population density, degree of 
infestation and habits of this mealy bug throughout the 
year, under the environmental conditions prevailing in 
Aligarh. 
With this end in view the heavily infested field 
representing the 3rd ratoon and 11 months old crop of 
Co 1148 was selected for the assessment of the population 
density. Excursions were made for a whole year from September, 
1985 to August, 1986 and during each visit samples of 50 
infested canes were selected atrandom from the selected 
field. The monthly arithmatic mean for the number of individual 
insects on 50 infested canes was calculated and considered 
as the population index. 
A conclusion may be drawn from the results obtained 
and computed in table (9) that this mealy bug has one annual 
peak of seasonal abundance (Fig.65/A). The minimum insect 
population was obtained in the hot month of June which was 
90 insects/50 canes, thereafter^ it increased gradually in 
succeeding months rising to the maximum in January when the 
population was 4509 insects/50 canes (Table, 9; Fig. 65,A). 
Uneven distribution of this mealy bug is probably due to 
prevailing environmental conditions from time to time. During 
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the cold month, January, when the insect population was 
maximum, the temperature was 20.9 - 6.99°C and the mean 
relative humidity percentage was 85.80 - 69.35% while 
the average rainfall in that month was 2.5 mm which was 
below normal. In the hot month of June, when the popula-
tion was at the lowest the average mean temperature was 
39.15 - 26.10°C and the relative humidity was 57.8 -
44,83% while the rainfall was 1,63 mm which was much below 
the normal. 
A steady fall in population of this mealy bug took 
place in the months following January, Average annual 
fluctuation for this mealybug as calculated by dividing 
minimum 
the maximum population by the ABodenheimer, 1950 with 
the scale insects), is 50,1. The annual fluctuation for 
this mealy bug is 40.1 as r eported earlier by Hafez and 
Salama (1969) in Egypt. The calculated quotient of increase 
which equals the population of each month divided by that 
of the proceeding one (Bodenheimer, 1950) indicates that 
the favourable time for annual increase is October to 
January, Correlating these results with climatic factors 
prevailing during this period, i,e,, October to January, it 
appears that the average atmospheric temperature ranged 
between 25,83 and 12.1°C and the relative humidity was 
81.35 and 67.62% and during these months the rainfall was 
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7.27 mm, which was below normal. During this period the 
area was under drought conditions. This indicates that 
the sugarcane pink mealy bug under observation prefers 
lower ranges of temperature and high humidity. Scanty 
rainfall also accelerates the build up of insect population. 
To some extent these conditions could be considered as the 
optimum conditions for the development of S. sacchari. 
According to Gupta (1940) and Ali (1958, 1962) the 
pest remains active in the field throughout the year in 
Uttar Pradesh and Bihar. Puttarudriah (1954) reported 
severe infestation of this pest in Mysore State (Karnataka), 
during drought conditions in the year 1953. The observations 
of Kareem et (1963) reveals that the peak period of 
incidence of this mealy bug is during wet months, July 
and August whereas low population reported by these authors 
in June, September and October in Madras. These results, 
nevertheless, i ndicate that the intensity of infestation 
varies markedly under different'agro-climatic conditions. 
Satpathy and Das (1969) reported that the population density 
of _S. sacchari reached its maximum during the winter months 
December-January when the temperature ranged from 20.65 -
20.7°C and the relative humidity 63.0 - 73.0% while the 
dry and extreme hot conditions are unfavourable for the 
mealy bug development in some parts of Orissa State. 
The favourable time for the annual increase of mealy bug 
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was September/August at Nag-Hamadi in Egypt as reported 
by Hafez and Salama (1969). From the proceeding discussion 
it may be concluded that counts of mealy bugs during 
different months show different population levels and 
with the change in climatic conditions, the degree of 
infestation markedly differs. The conclusive months for 
the increase in mealy bug population at Aliqarh in Uttar 
Pradesh is October-January and the maximum population is 
obtained in the month of January. 
(B) Breeding season :- The breeding season in natural 
conditions was determined by estimating approximate percentage 
of ovipositing females in the total insect population counted 
on infested sugarcane stalks during the monthly visits. The 
Period of the year at which the maximum number of ovipositing 
females was counted could be considered as the breeding season 
or most favourable period for reporduction in nature. From 
the results obtained during the monthly observations 
(Table, 10; Fig. 65,B), it is clear that therate of breeding 
was markedlyhigher in winter months which decreases in summer 
months. The maximum percentage of ovipositing females was 
obtained in December (72,36%) while the minimum was obtained 
in May (7.91%). The results shows that there are five annual 
annual peaks of ovipositing females from which it may be 
concluded that S. sacchari passes through five generations/ 
- 161 -
year in field conditions. The maximum breeding was observed 
in December but was extended upto March (Fig. 65,B). Hafez 
and Salama (1969) reported four annual peaks of ovipositing 
females and further stated that _S. sacchari at Nag-Hamadi 
in Egypt passes through four generations/year. 
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I'O Effect of environmental factors on the population 
of white tailed mealy bug, Ferrisia virgata Ckll, 
I n t r o d u c t i o n 
Ferrisia virgata Ckll. is a widely distributed pest ' r 
in tropical countries and has been recorded from a wide 
range of economically important cup & also on ornamental 
plants specially in India (Das et al., 1948; Basu and 
Chatterjee, 1963; Ali, 1968;Rawat and Modi, 1968; Sinha 
et al., 1985 and Gautam and Saxena, 1986). This mealy bug 
is found in congregation with all its developing stages on 
the ve^ral side of the leaves, petiole and on apical shoot -
of the young seedling. The damage is mostly caused by the 
developing instars. They drain out plant sap resulting in 
the formation of yellowish or dull white spots on the leaf. 
Only scanty work is available on the behaviour and biology 
of F. virgata in India. Basu and Chatterjee (1963) have 
given an account of behaviour and control in West Bengal 
on 'betel vine'. Rawant and Modi (1968) have also given 
some account on its biology. 
The present work is an attempt to ascertain the 
population pattern of this mealy bug in different seasons 
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of the year on guava tree (Psidium guajava). The studies 
were conducted in Aligarh, Uttar Pradesh, from October, 
1985 to September, 1986. Incidentally, in Aligarh district, 
virgata has been found to be a serious pest of guava 
plantation. 
Materials and Methods 
With a view to conducting various studies on guava 
trees (Psidium guajava), an orchard adjacent to the Univer-
sity campus was selected. For the study of seasonal variations 
in mealy bug population, all the trees was arbitrarily divided 
into two zones, i.e., the upper or sunny zone and the lower 
or the shady zone. Monthly samples were taken atrandom 
covering both the zones. Each sample was based on 10 leaves. 
Meteorological data such as temperature, relative humidity 
and rainfall were recorded (Table, 8; Fig. 64^from October, 
1985 to September 1986). The diurnal microclimatic conditions, 
viz., temperature and humidity, were also recorded during the 
period of study. 
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Climatic conditions of the locality 
T e m p e r a t u r e 
The mean temperature of different months clearly shows 
that the orchard was subject to a wide range of temperature 
during October, 1985 to September, 1986. The low mean tempe-
rastures were recorded in December, 1985, January and February, 
1986. During these months the maximum mean temperature was 
22.40°C (23.09 - 23.22°C) and minimum mean temperature was 
8.81°C (10.34 - 9.11°C). In the following months as the 
temperature gradually rises, the maximum mean temperature 
was also very high in the locality, in both hot and cold 
months. The temperature in Janauary, 1986 was 17.1°C whilst 
in June, 1986 it was 44,6°C. 
The microclimatic temperature in the orchard was more 
or less the same as of the macroclimatic environment except 
the surface temperature of the leaves of the sunny zone, 
exposed directly to the sun was alwasy above the air tempera-
ture with a difference of 2 -5°C during different periods of 
the day. 
H u m i d i t y 
Records of mean monthly relative humidity percentage 
(RH%) clearly shows that the area under investigation was 
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subject to wide range of seasonal variations. The maximum 
RH% 84.38 and 85.06% was recorded in December, 1985 and 
January 1986,respectively and the minimum in April and May 
with the mean of 48.78% of both the months. Like the 
temperature, the orchard was also subjected to high diurnal 
fluctuations in humidity. The minimum RH%, i.e., 20.1% 
was obtained in 8.VI. 1986 in the morning at 8.30 which 
increased gradually reaching a maximum of 38.0% at 5.30 
in the evening. The maximum RH%, i.e., 95,0% was recorded 
at 8.30 a.m. on 29.1.1986 which stabilised to 91.0% at 
5.30 in evening. It may be concluded that there has been 
varying degree of fluctuations in the humidity, both 
seasonal and diurnal in the orchard under observation. 
R a i n f a l l 
Only scanty rainfall was recorded during the period 
under study. The annual rainfall recorded during the period 
of observation over the area under investigation was 27.01mm, 
Due to deficient rainfall, the whole area has been under 
drought conditions. 
Results and discussion 
To study the population build up of the guava mealy 
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bug during different seasons of the year, trees of the 
orchard were divided into sunny and the shady zones. The 
insect counts shown in table (11) calculated per 10 leaves 
indicate a clear difference between the two populations in 
the sunny and shady zones of each tree. The shady zone supports 
a higher insect population in comparison to sunny zone which 
was found consistent during the three seasons of the year. 
The population of this mealy bug is, however, governed 
by various environmental factors like temperat ure, relative 
humidity andrainfall. Temperature and humidity play a crucial 
role in the distribution of this mealy bug. Basu and 
Chatterjee (1963) reported that guava mealy bug is abundantly 
found during the rainy season. 
Generally the mealy bugs confine themselves to the core 
of leaves and also the petiole due to abundant supply of 
sap especially in young leaves. The preference for shady 
zone over the sunny one suggests photonegative responce 
of this mealy bug, Ferrisia virgata. Berlinger and Gol'Berg 
(1978) showed that the calyx can provide the mealy bug an 
ideal protective habitat which can shelter it from pesticicdes 
and natural enemies. Meyerdick et . (1981) reported that 
determination of population densities of citrus mealy bug 
on grape fruit trees is more reliable on fruit samples than 
on leaves or terminals. These densities may be used in making 
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pesticide decisions. 
During the hot months, the mealy bugs prefer to 
congregate on the central area of the leaves to avoid direct 
exposure to high temperature (44.6°C). It has further been 
observed that during extreme conditions, the mealy bugs 
take shelter on the ventral surface of leaves, notches on 
the stem and also under the bark of thestem. where they 
meet with more favourable environmental conditions. 
In May-June, the activity of the guava mealy bug remains 
at low level corresponding to their thin population. Only a 
few adults could be observed during these two hot months. 
The average number of insects on the trees in both the zones 
was found to be 25-45 and 22-40,respectively. The maximum 
temperature during May-June (mean of the two months) was 
38.67°C while minimumtemperature for the same period was 
24.23°C. The relative humidity for thesaid period was 
55.36-43.31%. 
On the onset of rains in July, the population starts 
moving up andgradually attains the peak in November. The 
maximum count in November was 407 and 596 insects/10 leaves 
in the sunny and shady zones,respectively (Table, 11; Fig. 66). 
In November, the mean maximum temperature was 29.99 and 
minimum was 18.55°C while relative humidity was 75.13 and 
62.8%. Further, it was noted that guava mealy bug was most 
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active in the orchard during July to November when the 
average temperature (mean of the five months) ranged from 
31.85 to 20.86°C and relative humidity was 80.11-57.06% 
with an average rainfall of 3.16 mm. In Uttar Pradesh, 
bulk of this period comes under rainy season. It is clear 
from the above discussion that environmental factors have 
a controlling effect on the population of Ferrisia virgata. 
In December;1985 to February, 1986, the mode of insect 
distribution was changed as the climatic conditions became 
cold with an average temperature 22.40-8.81°C; RH 84.63.75% 
and rainfall, 1.4 mm. The shady and sunny zones harbour 
approximately equal the number of individuals during 
these months. 
In March-April, the population of the guava mealy bug 
slightly increases. In April, the shady zone harbours more 
insects than sunny one. The mean population of 226.0 insects 
was obtained in both the zones during these two months. 
From the foregoing discussion it may be concluded 
that the active period of this mealy bug is July November 
and to a lesser extent February-April, The inactive period 
or period of low profile is December-January in winter and 
May-June in the summer. During these months the activity 
of the pest is at the minimum coinciding their reduced popu-
lation. Das et (1948) reported maximum activity of the 
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pest during July-August on jute crop and during winter and 
early spring on garden crops and orchards in Dacca. Rawat 
and Modi (1969) reported that the pest is more active, 
abundant and widely distributed from August-November and 
to a lesser extent during March-April. It may be found in 
different stages of development throughout the year clustering 
upon the terminal shoots, leaves and fruits of the host-
plant (Sinha et al., 1985). 
Seasonal variations 
From the results obtained and computed in table (12) 
it is clear that Ferrisia virgata has an annual peak of seasonal 
abundance in November when the mean number 1003/ 10 leaves 
was counted. The mean temperature and relative humidity in 
that month was 29.34 - 12.52°C and 75.13-62.8%^respectively. 
Following it a sharp fall in the population of the mealy bug 
was observed in the subsequent months of winter. The minimum 
population was attained in June when 66.0 insects/10 leaves 
were present. 
The average annual fluctuation for this mealy bug is 
16.0. The annual fluctuation calculated for other mealy bug 
species was found 40.1 by Hafez and Salama (1969) in Sacchari-
coccus sacchari in Egypt. The annual population fluctuation is 
calculated by dividing the maximum population by the minimuiri. 
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The calculated quotient of increase which equals the 
population of each month divided by that of the prceeding 
one (Bodenheimer, 1950; Salama and Saleh, 1970) indicates 
that the favourable time for annual increase is July to 
November. During the period of insect abundance, the mean 
temperature ranged between 31.8°C and relative humidity 
8.11%. This indicates that Ferrisia virgata prefer^ both 
high temperature andrelative humidites. 
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Table, 9 - Monthly observations on sacchari population 
on infested canes in field from September, 1985 
to August, 1986. (Cane variety, Co 1148, Category 
3rd ratoon and age 11 months old). 
Months 
Number of 
Insects per 
50 canes 
{Quotient 
Increase 
*Annual 
population 
fluctuation 
September, 
1985 
100 -
October 285 2.85 
November 600 2.10 
December 2230 3.71 
January 
1986 
4509 2.02 
50.1 
February 1876 0.416 
March 980 0.522 
April 710 0.72 
May 250 0.35 
June 90 0.36 
July 125 1 .38 
August 105 0.84 
* Annual population fluctuation = Maximum population Minimum population 
I Quotient increase is equals the population of each month 
divided by that of the preceeding one. 
Table, 10 - Monthly observation on ovipositing females of 
S. sacchari (from September, 1985 to August,1986) 
Months Total population Number of 
ovipositing 
females 
Percentage of 
ovipositing 
females 
September, 
1985 
125 15 12 
October 285 35 12.28 
November 600 170 28.33 
December 2135 1545 72.36 
January, 
1986 
4480 3280 70.52 
February 1855 828 44.63 
March 980 300 30.61 
April 750 205 27.33 
May 240 19 0,07 
June 75 10 0.13 
July 110 11 0.1 
August 100 20 0.2 
Table, 11 - Distribution of Ferrisia virgata on Guava Trees 
(October, 1985 to September, 1986 
Months Insect Population/10 Leaves 
Sunny Zone Shady Zone 
October, 1985 309 445 
November 407 596 
December 118 150 
January, 1986 95 110 
February 80 105 
March 115 177 
April 65 95 
May 25 45 
June 22 40 
July 155 200 
Augu st 175 195 
September 215 245 
Table, 12 - Seasonal variation in Population of virgata 
(October, 1985to September, 1986). 
Months *Mean Population/ 
10 Leaves 
Quotient of 
Increase 
Annual Population 
fluctuation 
October, 
1985 
377 -
November 510 1 .33 
December 134 0.26 
January 
1986 
102.5 0.76 
February 92.5 0.89 16.0 
March 146 1.57 
April 80 0.86 
May 35 0.43 
June 31 0.88 
July 177.5 0.25 
August 185 1.05 
September 230 1.24 
*Mean population is the sum of insects on both the zones, the 
sunny and shady zones. 
*Annual population fluctuation = Maximum population Minimum population 
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Fig. 65 (A - B) - Seasonal variation in population 
of S. sacchari. 
A - S. sacchari population cane 
during different seasons. 
B - Ovipositing female of S. sacchari 
during the different seasons of 
the year. 
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(A) S u m m a r y 
1. All the observations on the population study of 
Saccharicoccus sacchari in relation to agroclimatic 
conditions were made on cane variety Co 1148, 3rd ratoon 
and 11 months old crop. 
2. In order to study the insect in its natural habitat 
monthly visits were made from September, 1985 to August,1986. 
3. Temperature humidity & rainfall of the area was 
recorded and the environment in the microhabitat of the 
insect was taken into consideration. 
4. For determining the'seasonal variations in the mealy 
bug population, 50 cane stalks were selected atrandom from 
the infested field. The arithmatic mean of the total indi-
vidual number in different months represents the total 
population during whole year. 
5. The differences between the temperature and humidity 
of macro and microhabitat was 1-3°C and 5-15%, respectively, 
The rainfall during the study period remained below normal. 
6. S. sacchari has one annual peak of abundance. The 
minimum insect population 90 insects/50 canes was recorded 
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in hot month, June. During this period the average tempe-
rature and humidity was 39.IS - 26.10°r and S7.8-44.83%, 
respectively while therainfall was 1.63 mm. 
7. The maximum insect population, 4509 insects/50 canes 
was noted in January when theaverage temperature and humidity 
percentage was 20.9-6.99°C and 85.80 - 69.35%,repsectively 
& rainfall was 2.5 mm. 
8. Conclusively, the sugarcane pink mealy bug prefers 
lower ranges of temperature and high humidity. 
9. The conclusive months for the increase in mealy bug 
population at Aligarh is October-January. 
10. The average annual population fluctuation for _S. 
sacchari as calculated by dividing the maximum population 
by the minimum, is 50.1. 
11. The period at which the maximum number of ovipositing 
females was counted could be considered as the breeding 
season or most favourable period for reproduction in nature. 
12. Generally the winter season favours the breeding in 
nature. The maximum percentage of ovipositing females (72.36%) 
was obtained in December while the minimum (7.91%) in Mav. 
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13. S. sacchari passes through five generations/year 
in field conditions. The most active breeding period is 
between December to March. 
(B) S u m m a r y 
1. The studies on population pattern of Ferrisia virgata 
on guava tree (Psidium guajeva) in relation to environmental 
factors were made from October, 1985 to September, 1986. 
2. For the study of seasonal variations in mealy bug 
population, the guava tree was divided into shade and sunny 
zones. 
3. Monthly samples of 10 leaves were taken atrandom 
representing both the zones for insects' count. 
4. Meteorological data such as temperature, humidity 
and rainfall were recorded besides the diurnal microclimatic 
condit ions. 
5. The shady zone supports a higher population in compari-
son to sunnyzone. 
6. During May-June the average number of insects on the 
guava tree representing both the zones was 25-45 and 22-40^ 
respect ively. 
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7. In hot months, the mealy bug prefer to congregate 
on the central area of the leaves to avoid direct exposure 
to heat. 
8. The maximum count of insects was obtained in November, 
which was 407 and 596 insects/10 leaves in sunny and shady 
zones respectively. 
9. The active period of virgata in the orchard is July-
November at Aligarh. The average temperature (mean of five 
months)ranged 31.85 to 20.86°C, relative humidity 80.11 to 
57-0® and rainfall was 3.16 mm. 
10. During December - February (the cold months) shady 
and sunny zones harbour approximately equal number of 
individuals. 
11. Conclusively the active period of virgata is July -
November and to a lesser extent February - April. The inactive 
period or period of low profile is December - January in 
winter and May - June in summer. 
12. F. virgata has an annual peak of seasonal abundance 
in November, i.e, , 1003 insects/10 leaves (Mean temperatures 
29.34 - 12.52°C and relative humidity 75.13 - 62.8%). 
13. The annual population fluctuation for this mealy bug 
is 16.0. 
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14. The quotient of increase which equals the population 
of each month divided by that of the preceeding one indicates 
that the favourable time for increasr is July - November. 
15. Evidently it may be concluded that F. virgata prefers 
both high temperature and high relative humidity. 
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